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IntRoDUCtIon

Methodology
International bibliographic resources were used to analyze a number of international clinical 
and laboratory studies evaluating the potential negative impact of diabetes on hearing loss 
and hearing aid fitting.
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ABstRACt

The prevalence of type 2 diabetes is growing steadily year by year, largely 

due to the rise in obesity worldwide. According to the IDF Diabetes Atlas, 

diabetes is estimated to increase by 55% on a global level by 2035.

Hearing loss is still an under-recognized complication of diabetes, although 

multiple meta-analyses have clearly demonstrated that diabetes doubles the 

odds of developing it.

Next to diabetic retinopathy (complication affecting the eyes) and diabetic 

neuropathy (regarding nerves), diabetic cochleopathy (involving the inner 

ear) should be taken seriously and hearing tests should be systematically 

administered as part of the follow-up screening for patients with diabetes.

This consensus paper groups recent research findings and stresses the 

importance of including diabetes in the medical history in any hearing care 

intervention.
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Diabetes (diabetes mellitus) is a chronic disease that 
occurs when the pancreas does not produce enough 
insulin (a hormone regulating blood sugar), or when 
the body cannot effectively use the insulin it produces.  
The overall risk of dying among people with diabetes is at 
least double the risk of their peers without diabetes [1].

Based on data from the “National Health Interview Survey” 
in the United States [2], the prevalence of diagnosed 
diabetes has increased from 1.6 million people or 0.58% 
of the total population in 1958 to 21.1 million people or 
6.95% of the total population in 2010. In 2004, Wild et al 
[3] estimated that in 2030 30.3 million people or 8.3% of 
the US population will have diagnosed diabetes.

This trend is seen globally. The 2013 IDF Diabetes Atlas [4] 
estimated that the number of people worldwide with diagnosed 
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diabetes was 382 million in 2013 and this number is estimated 
to increase 55% to 592 million by 2035.

Graph 1: Prevalence of diagnosed diabetes in the US: 1958 - 2010 (“National 
Health Interview Survey” - CDC, United States) [2].
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The prevalence of diabetes varies markedly by continent 
with the lowest rates found in Africa and the highest in 
North America, Middle East and North Africa.

Graph 2: The global prevalence of diagnosed diabetes in 2013 and 2035 (IDF 
Diabetes Atlas - 2013) [4].
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This variation is also seen across European countries. The 
Organization for Economic Cooperation and Development 
(OECD) reported that the average overall prevalence of 
diabetes in Europe is 6.4%. However, prevalence estimates 
by country range from lows in Iceland (3.3%) and Sweden 
(4.4%) to highs in Cyprus (9.5%) and Portugal (9.8%) [5].
Detail on page 7 (graph 3)

In the US, the prevalence of diagnosed diabetes by state 
ranges from a low of 5.9% in Vermont to a high of 11.3% in 
Mississippi [6]. Detail on page 7 (graph 4)

All of the data presented thus far were age-adjusted, since 
the prevalence of diabetes increases with age. Narayan et 
al [7] studied the age-dependent prevalence of diabetes 
and projected its future prevalence. As seen in Graph 
5, diabetes prevalence among the older age groups is 
expected to rise markedly by 2030.  

So far, we have described the prevalence of diabetes 
overall, but there are several diabetes variants. According 
to the WHO Diabetes Fact Sheet [1]:
•  Type 1 diabetes is a relatively rarer variant of the disease, 

characterized by a lack of insulin production.   

Graph 5: Prevalence of diagnosed diabetes as a function of age group in 
2010 (upper panel) and predicted in 2030 (lower panel) (“Impact of Recent 
Increase in Incidence on Future Diabetes Burden”, Narayan et al) [7].
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There are 382 million people living 
with diabetes worldwide, according 

to the International Diabetes 
Federation. This number is estimated 
to increase 55% in the coming years 

and could lead to more than 590 million 
by 2035. The prevalence of diabetes 

increases with age: in fact, according to 
a study by Narayan et al, among people 

aged over 75 there will be an increase 
of 8.76% in diabetes prevalence, 4.3% 
among those aged 45-64 and 1.09% 

increase in people aged 20-44.
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Without daily administration of insulin, type 1 diabetes is 
rapidly fatal.
•  Type 2 diabetes results from insulin resistance. About 90% 

of people with diabetes around the world have type 2. It 
is largely the result of excess body weight and physical 
inactivity.
•  Gestational diabetes occurs in up to 5% of all pregnancies. 

It typically begins around the 24th week of pregnancy. It 
results when insulin action is blocked, most probably by 
hormones produced by the placenta. This type of diabetes 
normally disappears after birth, however women who had 
gestational diabetes have at least a seven-fold increased 
risk of developing type 2 diabetes later in life compared 
with those who have had normal pregnancies [8].

type 1 diabetes 
Frese and Sandholzer [9] recently described the prevalence 
of type 1 diabetes in Europe. Their data (Health at a Glance: 
Europe 2012 - OECD) suggest large regional differences 
in the prevalence of type 1. Genetic factors likely explain 
many of the regional differences in prevalence [10]. 
Detail on page 7 (graph 6)

Onkamo et al [11] analysed 37 studies carried out in 
27 countries between 1960 and 1996 on trends in type 
1 diabetes incidence. They found an overall increased 
incidence of 3% per year. For 24 out of 37 populations this 
increase was significant. A more recent literature survey by 

Patterson et al [12] came to the same conclusion - a 3.4% 
increase per year for the first period (1989 - 1999) and a 
3.3% increase per year for the second period (1999 - 2008).

type 2 diabetes 
One of the most important factors leading to the rapid 
increase in type 2 diabetes is obesity. Mokdad et al [13] 
demonstrated that the risk of developing type 2 diabetes 
is 7.4 times higher for adults with a BMI (Body Mass Index) 
above 40 compared to adults with a normal BMI (ranging 
between 18.5 and 24.9). 

In the United States, the Centers for Disease Control and 
Prevention regularly track obesity and diabetes rates by 
state. These data document growing epidemics in both 
conditions: most states with a high prevalence of obesity 
also have a high prevalence of diabetes.

Chronic disease management (NCD - Non communicable 
Disease Control) now has a very high priority in European, 
World Health Organization and United Nations healthcare 
programs. The four most common chronic diseases 
(cardiovascular disease, cancer, respiratory disease and 
diabetes) account for 86% of all deaths [14-17]. Patients 
with type 2 diabetes have almost double the mortality rate 
of those without [18].
As a consequence, the prevention of type 2 diabetes is a 
public health priority. Type 2 diabetes can be prevented 
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Graph 6: Prevalence of type 1 diabetes compared to the total diabetes prevalence in Europe. Note the large regional differences for type 1 diabetes 
(ranging from 0.02% in Turkey to 0.43% in Finland) (“The Epidemiology of Type 1 Diabetes Mellitus”, Frese and Sandholzer) [9].
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Graph 3: Prevalence of diagnosed diabetes in different European countries (“Diabetes prevalence and incidence”, in “Health at a Glance: Europe 2012” - OECD) [5].
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to a certain extent by improving diet, increasing physical 
activity, and decreasing alcohol intake. Implementing 
these measures will not only result in a decrease in 

diabetes but will also lower the rates of other common 
chronic diseases [19].

Graph 4: Prevalence of diagnosed diabetes in the US by state (“Diabetes Report Card 2012”, National Center for Chronic Disease Prevention and Health Promotion) [6].
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The first known publication on the relation between diabetes 
and hearing loss is a case report of hearing impairment in 
combination with incipient diabetic coma written by Jordao 
in 1857. Prior to that, diabetes research had focused on the 
life-threatening complications of the disease.

In the 1990s, multiple studies were conducted on the 
relationship between diabetes and hearing loss but their 
outcomes were inconclusive. 

Diabetes and hearing loss
More recently, the marked increase in diabetes prevalence 
has inspired many large-scale longitudinal studies 

The relationship between hearing loss and diabetes

Reviewed by Elizabeth P. Helzner, PhD, Assistant Professor of Epidemiology, School of Public Health, Brooklyn,  
NY, United States

on diabetes risk factors. In 2013, Horikawa et al [1] 
conducted a meta-analysis of the published research on 
the relationship between diabetes and the risk of hearing 
impairment. They found 3,169 citations: 355 potentially 
relevant studies were evaluated in more detail and finally 
13 studies (20,194 participants and 7,377 cases) were 
included in the analysis. They concluded that diabetic 
patients were 2.15 times more likely to have hearing 
loss than non-diabetic patients, regardless of age. The 
magnitude of the association was greater for those 
younger than or equal to 60 years (Odds Ratio: 2.61) than 
for the subjects older than 60 years (Odds Ratio: 1.51). 
The stronger relationship among younger compared with 
older adults might be due to a higher prevalence of noise-
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Graph 1: The prevalence of hearing loss in % for each subgroup (grey bars: 
non-diabetic / blue bars: diabetic) in the 13 studies included in Horikawa et 
al’s meta-analysis [1]. Note that the prevalence of hearing loss is higher for 
the subgroup with diabetes in all studies except one [9] - Dalton et al’s [4]* 
results were corrected by the editor.
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2 diabetes and hearing loss. They identified 2,666 titles on 
this topic of which 67 studies were assessed in more detail: 
18 were actually included in the meta-analysis. 
They concluded that type 2 diabetic patients had a 
significantly higher likelihood of having at least a mild 
degree of hearing loss, compared to controls. 

The odds of hearing impairment were 1.91 times higher for 
subjects with type 2 diabetes than for the control (non-
diabetic) groups. The diabetic group had poorer hearing at 
all frequencies, but more markedly at 6000 and 8000 Hz. 
Further, the auditory brainstem responses were significantly 
delayed in the diabetic group. 

Panchu [16] ran a study on subjects between 35 and 55 
years of age, finding significantly increased hearing loss for 
the diabetic (DM type 2) subjects compared to a control 
group (Graph 3).

induced hearing loss among older people, potentially 
masking a diabetes-hearing association in this group.

type 2 diabetes and hearing loss
In March 2014, Akinpelu et al [15] published a systematic 
review and meta-analysis on the association between type 

Graph 2: The prevalence of hearing loss in % for each subgroup in 6 of the 
18 studies included in Akinpelu et al’s [15] meta-analysis. Note that the 
prevalence of hearing loss is higher for the subgroup with diabetes in all 
studies except one [9].

Prevalence of hearing loss in "Diabetic type 
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Diabetic patients have double the 
chance (2.15 times more) of having 

hearing loss than non-diabetic people, 
regardless of age (Horikawa et al’s 

meta-analysis, 2013).

According to Akinpelu et al’s [15] 
meta-analysis, people with type 2 

diabetes have 1.91 fold increased risk 
of developing hearing impairment 

of at least a mild degree with 
respect to healthy ones.
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type 1 diabetes and hearing loss
We are unaware of any systematic review or meta-
analysis addressing the relationship between type 1 
diabetes and hearing loss, but several case-control 
studies have been conducted. 

Pessin et al [17] studied 40 subjects with type 1 diabetes 
compared to a matched control group of 20 subjects. In 
this sample, audiometric thresholds were significantly 
higher in the diabetic than in the control group at all 
frequencies (250, 500, 1000, 2000, 4000 and 8000 Hz). 
Furthermore, hearing loss was more frequent in patients 
with high plasma glucose concentration. In eight ears 
from the diabetic group with a normal audiogram, the 
auditory brainstem responses were delayed.

In 2010, Mozaffari et al [13] published a study comparing 
80 non-elderly subjects with diabetes (9-type 1 / 71-
type 2) with a matched control group of 80 subjects. The 
odds of hearing impairment were 3.5 times greater for 
the diabetic group compared to the control group. The 
higher prevalence of hearing loss was essentially the 
same in those with type 1 and type 2 diabetes (Graph 4).

In 2012, Malucelli et al [18] published a study on the 
prevalence of hearing impairment in patients with type 1 
diabetes mellitus. They compared 30 subjects with type 
1 diabetes (13 female, 17 male) with a matched control 
group of 30 subjects. Among diabetics, hearing thresholds 

were significantly higher than those in controls at 250, 
500, 10,000, 11,200, 12,500, 14,000 and 16,000 Hz for 
both ears.

Fukuda et al [19] conducted a study examining hearing 
thresholds in 30 children (average age 10 years) with 
type 1 diabetes compared to age-matched non-diabetic 
controls. Diabetic children had significantly greater 
audiometric thresholds at 250, 500, 2,000, 3,000, 4,000, 
6,000, and 8,000 Hz. However, there was no significant 
difference between the groups in speech audiometry, 
high frequency audiometry and otoacoustic emissions 
(activity of the outer hair cells in the inner ear). 

Conclusion
In 2010, the World Health Organization “Fact Sheet 
on Diabetes” [20] issued the following diabetes health 
implications:
“Elevated blood sugar is a common effect of uncontrolled 
diabetes and over time can damage the heart, blood vessels, 
eyes, kidneys, and nerves. Some health complications from 
diabetes include:
•  Diabetic retinopathy is a significant cause of blindness, 

and occurs as a result of long-term accumulated damage 
to the small blood vessels in the retina. After 15 years 
of diabetes about 10% of patients develop severe visual 
impairment.

Graph 4: The prevalence of hearing loss between patients with diabetes 
and controls. Note that the prevalence of hearing loss is higher for both 
subgroups with diabetes and there is no difference between type 1 and type 2 
diabetes (Mozaffari et al) [13].
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•  Diabetic neuropathy is damage to the nerves as a result of 
diabetes, and affects up to 50% of people with diabetes. 
Common symptoms are tingling, pain, numbness, or 
weakness in the feet and hands.

•  Combined with reduced blood flow, neuropathy in the 
feet increases the chance of foot ulcers and eventual limb 
amputation.

•  Diabetes is among the leading causes of kidney failure; 
10-20% of people with diabetes die of kidney failure.

•  Diabetes increases the risk of heart disease and stroke; 
50% of people with diabetes die of cardiovascular disease 
(primarily heart disease and stroke).”

Note that the impact of diabetes on hearing function is 
not mentioned at all. 

In her 2009 article, Bainbridge [21] summarized the 
research findings on the relationship between diabetes 
and hearing loss, concluding that the high prevalence of 
hearing impairment among diabetics merits consideration 
for routine referral of diabetics for audiometric testing.

The state of North Carolina (US) started to implement the 
above recommendation in 2011. Dowd [22] describes this 
recommendation in her paper: 
“Because of the high prevalence of diabetes in North 
Carolina, the adverse effects of hearing loss, and the 
connection between diabetes and hearing loss, the North 
Carolina Diabetes Prevention and Control Branch has added 
hearing screening to its 2011 strategic plan for diabetes 
educators in North Carolina. April Reese, branch head, has 
worked to include the screen for hearing problems among 
diabetic patients, in the diabetes educators’ curriculum. The 

new plan calls for improved screening for and management 
of diabetes, by encouraging health care providers to follow 
American Diabetes Association guidelines and to include 
oral health and auditory screening as part of baseline 
assessments for people with diabetes. The North Carolina 
plan calls for increased awareness about uncommon 
comorbidities associated with diabetes, including hearing 
loss and sleep apnoea.”

There is convincing evidence in peer-reviewed studies 
and meta-analyses to support a relationship between 
hearing function and diabetes mellitus, particularly type 
2 diabetes. Further research is needed to clarify the 
contribution of type 1 diabetes to hearing impairment.  
Nonetheless, existing research findings support the 
conclusion that hearing loss should no longer be an under-
recognized complication of diabetes. Assessment and 
management of hearing problems associated with diabetes 
should become a standard component of diabetes care.

Existing research findings support 
the conclusion that hearing loss 

should be recognized as a complication 
of diabetes. Assessment and 

management of hearing problems 
associated with diabetes should 
become a standard component 

of diabetes care.
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Introduction
On 1st January 2011, 801,000 people had been diagnosed 
with diabetes mellitus in the Netherlands, equal to 4.8% 
of the Dutch population; 5-10% had type 1 diabetes and 
90-95% had type 2 diabetes [1].

Complications include problems with the large 
blood vessels in the body (macrovascular damage: 
ischemic heart disease, cerebrovascular and peripheral 
atherosclerotic complications), changes to the small 
vessels (microvascular damage) leading to kidney failure 
and blindness, and damage to nerves in the peripheral 
nervous system (neuropathy) responsible for chronic pain 
and foot ulcers [2-4]. 

Multiple research projects have shown an association 
between hearing loss and diabetes [2, 4, 5]. However 
hearing loss is still not a well-known complication of 
diabetes.

This literature study describes the histopathology of 
diabetic cochleopathy.

Anatomy
The cochlea is a spiral-shaped cavity in the bony labyrinth 
of the inner ear. In humans it has 2¾ turns. The central 
pillar of the cochlea is the modiolus. The spiral-shaped 
cavity is divided into three chambers: the scala vestibuli, 
scala media (cochlear duct) and scala tympani. 

Reissner’s membrane lies between the scala vestibuli and 
the scala media, while the basilar membrane separates the 
scala media and scala tympani. The main organ of hearing, 
the organ of Corti, lies on top of the basilar membrane 
within the cochlear duct and houses the inner and outer 
hair cells. The spiral ganglion cells are connected with the 
cochlear nerve fibres [6, 7] (Figure 1).

Blood supply
The blood supply to the cochlea originates from the inferior 
anterior cerebellar artery [6, 8] and flows through the spiral 
modiolar artery and the cochlear branch of the vestibulo-
cochlear artery [5, 8, 9]. A capillary system is located in the 
stria vascularis and basilar membrane [6, 7, 9].

Diabetic cochleopathy

Florence Lucieer, MD - Nijmegen, The Netherlands. Reviewed by Wouter Vinck, MD, PhD - Endocrinologist - 
Wilrijk, Belgium, Jaap Meeuwis, MD, ENT - Rotterdam, The Netherlands, Andrzej Zarowski, MD, ENT - Wilrijk, Belgium, 
Tom Cammaert, MD, ENT - Gent, Belgium
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Figure 1: Cochlea structure. 
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Histological changes
Several histological changes are observed in the cochlea of 
type 1 and type 2 diabetes patients, mainly affecting the 
vascular system.

 

Type 1 diabetes 
Various studies observed a thickening of the vessel walls of 
the basilar membrane and the vessels of the stria vascularis 
in all turns in type 1 diabetes mellitus patients [10].  
In addition, atrophy of the stria vascularis can be found 
in all turns [10] with a loss of the outer hair cells [10, 11].  
A loss of spiral ligament cells was also detected [10].

Type 2 diabetes 
Several studies separated type 2 diabetes patients into 
those treated with insulin and those taking oral blood 
glucose-lowering agents, comparing them with a non-
diabetic control group. In the insulin group, the vessel 
walls of the basilar membrane and stria vascularis vessels 
in all turns were significantly thicker (6.97 µm) than those 
of controls (3.77 µm) [5, 12] (Graph 1). 

In the group on glucose-lowering agents, the walls of the 
stria vascularis vessels were also significantly thicker than 
in controls, mainly in the basal turn of the cochlea spiral 
(5.08 µm) [5, 12]. 

In addition to vascular changes, atrophy of the stria 
vascularis was observed in the lower basal, lower middle, 
upper middle and apical turns of the cochlea spiral in 
the insulin group, and mainly in the lower middle turn 
(no changes in the apical turn) in the group on glucose-
lowering agents [12]. There was also a significant loss of 
outer hair cells, especially in the lower and upper basal 
turns [12], but no loss of inner hair cells [12].

Comparing type 1 and type 2 diabetes mellitus
Significant cochlear vessel wall thickening was found in 
both type 1 and type 2 diabetes patients compared to 
the control group, more pronounced in type 2 than in 
type 1 diabetes. Likewise, vessel wall thickening was more 
pronounced in insulin-treated type 2 diabetes than in type 
1 diabetes [5]. The latter difference could be explained by 
the fact that type 2 diabetes patients treated with insulin 
have advanced disease [5]. 

Audiologic changes
Several studies report sensorineural hearing loss in 
diabetes patients [2, 12, 13-16]. 

Graph 1: Mean wall thickness of the stria vascularis vessels (VSV) in each turn 
(Fukushima et al) [12].
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Graph 2: Vessel wall ratio (mean) in the spiral modiolar artery in temporal 
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Noise exposure
The literature reports a correlation between noise 
exposure and hearing loss in diabetes patients. Studies on 
streptozotocin-induced diabetes in rats and mice found a 
delayed recovery after noise exposure and a significant 
increase in permanent hearing loss [4, 8], mainly at 4 
and 8 kHz [8]. This correlation was confirmed in diabetes 
patients who live/work in a noisy environment [8, 15, 17, 
18]. Diabetes patients seem to be more susceptible to 
noise-induced hearing loss and this may be due to impaired 
recovery from noise-induced injury [4, 8] (Graph 3).

In addition to hearing impairment, histological changes 
were observed during noise exposure: cochlear blood flow 
was significantly decreased in the diabetes-induced mice 
compared with the control group in the first couple of 
days of noise exposure [8]. 

Causal mechanism
A clear cause of diabetic cochleopathy has not been 
established, but several hypotheses have been formulated 
to explain the sensorineural hearing loss in diabetes 
patients.

Some authors have suggested that the vascular 
disturbances, such as the thickened cochlear vessel walls 
and decreased cochlear blood flow, may be the underlying 
cause of the sensorineural hearing loss [5, 12]. Others 
have argued that the hearing loss cannot be completely 
explained by vascular disorders. Free oxygen radicals have 
also been implicated in the functional impairment of 
the outer hair cells of the cochlea, and in sensorineural 
hearing loss [5]. 

A parallel with diabetic retinopathy
Basilar membrane thickening and changes in blood flow 
have been described in both diabetic retinopathy and 
diabetic cochleopathy [19-21]. In diabetic retinopathy, 
vessel wall thickening corresponds to defects in 
capillary autoregulation, impaired endothelial–pericyte 
communication and inappropriate cell interaction [19, 21, 
22]. All these vascular changes combine to result in the 
breakdown of the blood-retinal barrier and a decrease in 
retinal function [23].
In diabetes patients, a change in retinal blood flow is 
observed with a reduction in the early phase of the disease 
[19, 21]. In a more advanced stage the vessels are dilated, 
leading to an increase in retinal blood flow [19]. 

Conclusion
Epidemiological data demonstrate sensorineural hearing 
loss in both type 1 and type 2 diabetes. Histological 
changes are described that may be intermediate between 
the underlying disease process and the emergence of 
hearing loss. Further research is required to confirm that 
sensorineural hearing loss is not due to confounders, 
and to refine our understanding of the exact causal 
mechanisms responsible for the observed histological 
changes.

Graph 3: Recovery from noise-induced injury was significantly impaired in 
diabetic mice compared to the control group at 4 and 8 kHz. ABR = auditory 
brainstem response (Fujita et al) [8].
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There are very few publications on protocols for hearing 
aid fitting and specific considerations for subjects with 
diabetes-related hearing loss. Chartrand [1] summarizes the 
considerations affecting hearing aid fitting with regard to 
diabetic patients as follows:
•  Increased hypersensitivity to earmold plastics due to 

tissue deterioration in the ear canal; 
•  A tendency to exhibit or present with malformation in the 

ear canal; 
•  Higher-than-usual incidence of abnormal loudness growth 

perceptions;
•  Vestibular problems (dizziness, vertigo) may be present in 

diabetic patients; 
•  Subjects with diabetes present a higher incidence of 

central auditory processing disorders.

He strongly suggests diabetes be systematically included 
in the medical background information of all hearing aid 
candidates. He also claims that “finding the problem makes 
it half-solved” in this case and taking these considerations 
into account will improve the rehabilitative experience. 
Although these observations may be correct and are most 
probably based on his personal experience, no studies or 
clear supporting evidence are cited in his article. 

skin problems and earmolds
The prevalence of skin disorders is very high in diabetes, 
ranging between 95.4% and 64% in an overview of nine 
studies (Graph 1). Unfortunately most of these studies did 
not use a control group. Pavlovic’ et al [2] studied a young 
group (age 2 - 22 years) of 212 subjects with diabetes type 1 
compared to a matched control group of 142 subjects; 68% 
of the diabetic subjects presented at least one skin disorder 
which is significantly higher than the control group (26.5%). 
Therefore, attention should be paid to skin infections or other 
manifestations when fitting diabetic subjects with hearing 
aids, taking into account earmold material or pressure and 
skin contact with the hearing aid housing. The use of non-
allergenic earmold material, open silicone domes for open 
fitting and slimmer behind-the-ear housing of hearing aids to 
reduce the amount of pressure and contact with the skin can 
be adequate solutions for these issues.

Disseminated granuloma annulare can occur on the ears, 
specifically in the helix and concha of the pinna. This 
skin disorder causes raised bumpy or ring-shaped spots, 
which are skin colored, red, or red-brown. Normally the 
condition disappears spontaneously, so treatment is not 

The consequences for hearing aid fitting

Mark Laureyns, Amplifon Centre for Research & Studies (CRS), Milan, Italy
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really needed. However, the disorder may create additional 
problems in combination with a custom hearing aid or 
earmold.

Abnormal loudness growth and hearing 
aid compression settings
Multiple studies have evaluated the audiograms (hearing 
loss at different frequencies) of subjects with and without 
diabetes. Panchu [11] studied 41 subjects with type 2 
diabetes aged between 35 and 55 years compared with 
a sex- and age-weighted healthy non-diabetic control 
group. Sugimoto et al [12] studied 43 subjects with a 
mean age of 58 years (SD: 15 years), half with diabetic-
related nerve disorders and half without. Cayönü et al [13] 
studied 83 subjects with type 2 diabetes aged between 
65 and 89 years compared with 80 non-diabetic sex- 
and age-matched control subjects (Graph 3). The graph 
shows that diabetes leads to more elevated thresholds at 
high frequencies. Since the typical audiogram shape does 
not differ from audiograms found in subjects with non-
diabetic age-related hearing loss, it is virtually impossible 
to suspect that the hearing loss is the result of diabetes 
just by looking at the shape of the audiogram. Therefore 
Chartrand’s suggestion to systematically ask about a 
history of diabetes during medical history-taking should 
be adopted. 

Graph 1: Overview of studies on the prevalence of cutaneous manifestations 
in diabetic subjects. One study [2] used a matched control group.

Graph 3: The average audiogram (hearing loss in dBHL) and standard 
deviation represented by the error bars for three studies. Upper: the youngest 
group of subjects (35 to 55 years); middle: a slightly older group of subjects 
(average 58 years - SD 15 years); lower: the oldest group of subjects (65 to 
89 years) (Panchu [11], Sugimoto et al [12], Cayönü et al [13]).
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Since the hearing thresholds at high frequencies are greater 
in diabetes, it is a natural consequence that recruitment 
(abnormal loudness growth) will normally be present. 
This means careful attention should be paid to hearing aid 
compression settings.

Poor recovery from noise exposure
As seen in part 3 of this consensus paper, recovery from 
noise exposure is much poorer in animal experiments 
when diabetes is induced [14, 15] (Graph 4). Therefore, it 
is important to set the maximum output of the hearing aid 
at a level that avoids further cochlear damage. If subjects 
are not fitted with hearing aids because their hearing loss 
is too mild, they should seek professional advice on the 
use of personalized hearing protection when they are 
exposed to loud sound levels (at work, leisure, etc.)

Vestibular problems
Kalyani et al [16] found a significant risk increase (Odds 
Ratio: 1.75) for a history of falls, dizziness or balance 
problems when diabetes is diagnosed. 

Higher incidence of central auditory processing 
disorders
Multiple studies on brainstem auditory evoked potentials 
(BAEPs) in diabetic subjects compared to a control group 
demonstrate delayed peak III and IV latencies even in 
subjects with normal hearing [17-20]. This points to the 
impact of diabetic neuropathy (neural disorders) on hearing 
and makes central auditory processing disorders more likely. 
Other studies failed to find any significant difference [21]. 

Richerson et al [22] studied reaction times in type 2 diabetic 
subjects compared to non-diabetic subjects. They found 
a significant difference for the reaction times to platform 
movement where diabetic subjects score more poorly, but 
no difference in the auditory task, where subjects needed to 
press a button when they heard a bell signal over headphones.

Although many studies point in the direction of possible central 
auditory disorders as a consequence of diabetic neuropathy, 
more research is needed to confirm this hypothesis.

Conclusions
•  Skin infections and disseminated granuloma annulare 

are confirmed as conditions affecting the pinna, so it is 
advisable to use thin tube and silicone dome solutions for 
open fitting if appropriate for the hearing loss in diabetic 
subjects. If this is not an option, non-allergenic material 
for earmolds is essential.

•  The more elevated thresholds at high frequencies, 
leading to a narrow dynamic range, and experimental 
evidence that recovery from noise-induced threshold 
shifts is much poorer in diabetic subjects, indicate that 
compression and maximum output settings in hearing 
aids need to be carefully adjusted. For diabetic subjects 
with normal hearing, this calls for advice on personalized 
quality hearing protection systems.

•  Vestibular problems occur more frequently in diabetic 
subjects and since hearing loss is a risk factor for more 
falls, it is essential to improve audibility.

Graph 4: Recovery from noise-induced injury was significantly impaired in 
diabetic rats compared to the control group at 4.4 and 8.8 kHz. DPOAE = 
distortion product otoacoustic emissions (Wu et al) [15].
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•  Multiple studies confirm delayed BAEPs in diabetic 
subjects, leading to the conclusion that diabetic 
neuropathy plays a major role in diabetic cochleopathy. 
Consequently, central auditory processing disorders may 
be more likely but strong evidence is currently lacking.

•  Since the audiogram shape does not help to identify 
diabetic cochleopathy, and there are indications that this 
condition calls for a specific hearing care intervention, 
audiological history-taking should routinely include 
diabetes. 

•  More studies are needed to evaluate central auditory 
processing disorders and to study the consequences of 
diabetic cochleopathy and its implications for hearing 
care intervention.

The use of hearing aids is a very cost effective intervention 
with regard to quality of life improvement [23-25] since it 
leads to increased social interaction, better sense of safety, 
experience of mental health and self-confidence [24, 26, 27]. 
Hearing aids should therefore be encouraged, but a medical 
history of diabetes calls for a specific hearing care strategy.
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Conclusion

There is convincing evidence in peer-reviewed studies and 
meta-analyses to support a relationship between hearing 
function and diabetes mellitus, particularly type 2 diabetes. 
Recent research findings suggest that impaired hearing is 
not only common among older and middle-aged people 
with diabetes, but also affects young people with diabetes 
to a greater degree than those without the condition. 
Diabetes doubles the odds ratio for developing hearing loss, 
but meta-analyses confirm the fact that hearing impairment 
is an under-recognized complication of the disease. 

The literature reports a correlation between noise 
exposure and hearing loss in diabetes patients. Diabetes 
patients seem to be more susceptible to noise-induced 
hearing loss and this may be due to impaired recovery 
from noise-induced injury. For these reasons people with 
diabetes should be urged to undergo follow-up screening 
for prompt detection of any hearing loss. Likewise, GPs 
should be alert to possible hearing impairment in patients 
with diabetes and hearing tests should be systematically 
administered as part of the follow-up screening for patients 
with diabetes. Since hearing loss is related to cognitive 

decline, depression, falls, reduced social interaction and 
quality of life, early intervention through hearing care 
should be advised.

Diabetic cochleopathy warrants serious consideration as 
a research topic to refine our understanding of the exact 
pathophysiology of the histological changes observed, 
and establishes the underlying cause of diabetes-related 
hearing loss. A low threshold for auditory testing should be 
maintained in all diabetes patients. For diabetic subjects 
with normal hearing, this calls for advice on personalized 
quality hearing protection systems.

Because of the potential negative consequences of 
untreated hearing loss on a person’s quality of life, hearing 
impairment should be a routine topic of discussion for 
diabetes patients and their doctors. For hearing care, it 
is important to be aware of diabetes to select a specific 
intervention plan for both hearing aid fitting and for 
advising on hearing protection. The use of hearing aids is 
a very cost effective intervention with regard to quality 
of life improvement and should therefore be encouraged.
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