
E
arly attempts to establish the 
possible link between diabetes 
mellitus (DM) and hearing loss 
since the 1960s were not very 

convincing. Researchers, using data 
collected by the Hispanic Health and 
Nutrition Examination Study, found a higher 
threshold among diabetic persons only at a 
single frequency of 500Hz [1]. Researchers 
in the Framingham cohort study found 
no association with diabetes [2]. Only the 
Wisconsin Epidemiology of Hearing Loss 
Study detected a modestly increased 
occurrence of hearing impairment among 
diabetics, compared to those without 
diabetes, when they defined impairment as 
the pure-tone average above >25dBHL in 
the worse ear [3]. Other studies to identify 
such a link were conducted in industrial 
or military settings and could not rule out 
the possibility that the effect of DM was 
limited to individuals who were predisposed 
to hearing loss due to occupational noise 
exposure [4]. 

People with diabetes commonly 
experience serious medical complications. 
The majority of diabetic adults suffer 
cardiovascular disease risk factors such as 
hypertension and high cholesterol, and the 
risk for adverse cardiovascular outcomes 
such as stroke or a fatal cardiac event is 
two-to-four times higher among adults 
with diabetes [3]. Diabetic retinopathy is 
a leading cause of blindness and diabetes 
is a prime cause of kidney failure. Severe 
forms of diabetic nerve disease are a major 
cause of lower extremity amputations. 
Diabetic autonomic neuropathies can affect 
cardiovascular, gastrointestinal, bladder, 

and erectile function [2]. Because diabetes 
is a systemic disease with accompanying 
pathology affecting multiple organ systems, 
it is reasonable to inquire whether the 
auditory system is among those affected. 

Epidemiological evidence
In recent years there has been growing 
evidence to suggest diabetes contributes 
to hearing loss. A study by the US National 
Institutes of Health found that participants 
with diabetes or pre-diabetes were more 
likely to have at least mild hearing loss 
at low-to-mid and high-frequency tones 
compared to people without diabetes 
[5]. The results remained the same after 
accounting for major factors affecting 
hearing, such as age, noise exposure, 
income level, and the use of ototoxic 
medications. Similarly, Japanese researchers 
from the Tsukuba University Hospital Mito 
Medical Center, found that mild hearing loss 
is more than twice as common in people 
with diabetes as in non-diabetics [6]. 

A study from Henry Ford Hospital found 
that women between the ages of 60 and 
75 with uncontrolled diabetes had more 
hearing loss than women in that age 
group with well-controlled diabetes [7]. 
Researchers also learned that hearing was 
worse overall in diabetic women younger 
than 60, even those with well-controlled 
diabetes, than in women without diabetes. 
The study showed that diabetes is a risk 
factor for hearing loss. Men were found 
to have worse hearing compared with the 
women in the study, regardless of age or 
whether they had diabetes. 

Pathophysiology
The pathophysiological explanation for 
diabetes-related hearing loss is speculative. 
Experimental studies of cochlear structures 
on animals with induced diabetes showed 
that the microangiopathy associated 
with diabetes might affect inner ear 
vascularisation, causing degeneration by 
interference of nutrient transportation, 
thickened capillary walls and flow 
reductions due to narrowed vessels [8]. 
The histopathological studies in temporal 
bones of the insulin-dependent diabetes 
mellitus (IDDM) patients also showed 
microangiopathic changes of the cochlea, 
evidenced as thickening of the capillary 
walls in the stria vascularis and the basilar 
membrane; atrophy of the stria vascularis; 
and loss of spiral ligament cells in upper 
turns [9]. Loss of outer hair cells has 
also been observed among patients with 
diabetes [10].

Studies that used OAE to reveal early 
or subclinical cochlear damage in type 1 
DM, reported that the lower amplitudes 
of distortion product OAE in patients with 
diabetics at 1000Hz were considered as a 
dysfunction of the outer hair cells in the 
apical portion of the cochlea [11]. Others 
showed that the transiently evoked 
OAE with suppression exhibited limited 
suppression in diabetics compared to 
controls, particularly at high frequency, 
implying possible cochlear injury due to 
hyperglycemia [12].

Maternally inherited diabetes and 
deafness (MIDD) 
Hearing loss can be a maternally inherited 
problem for some people with diabetes: 
1% of all diabetics are diagnosed with a 
subtype known as maternally inherited 
diabetes and deafness (MIDD) and, of 
these, 75% experience sensorineural 
hearing loss. Over 85% of people that 
carry the mutation in mitochondrial DNA 
(3243A>G mitochondrial point mutation) 
present symptoms of non-insulin-
dependent type diabetes. MIDD patients 
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are typically diagnosed at 37 years old but 
can range between 11 and 68 years old 
[13]. Hearing loss precedes the onset of 
diabetes and is marked by a decrease in 
high tone frequencies. In MIDD, hearing 
loss is seen in the form of progressive 
cochlear dysfunction, involving the ion 
pumps required for sound transduction. 
The 3243A>G mutation leads to unstable 
respiratory chain enzymes, resulting 
in lower levels of ATP [14]. The most 
metabolically active organs in the patient 
will be affected by this ATP deficiency [13]. 

Without sufficient levels of ATP, 
the recycling of endocochlear ionic 
concentration gradients are not maintained 
and this can lead to cell death in both the 
stria vascularis and the hair cells, causing 
hearing loss.

Recent systematic reviews and 
meta-analyses
Meta-analysis research evaluating hearing 
loss among individuals with DM suggested 
that diabetics have a higher incidence of 
hearing impairment compared with non-
diabetics [6]. The meta-analysis was based 
on findings of observational studies without 
any controls of residual confounders 
linking diabetes and hearing impairment 
(e.g. drug use). No data were provided on 
the prevalence of diabetic complications 
and, moreover, there were no studies that 
matched diabetic individuals and non-
diabetics in locations with similar noise 
exposure. 

Another systematic review explored the 
effects of type 2 DM on hearing function and 
found that patients with type 2 DM were at 
greater risk for developing mild hearing loss, 
compared to control subjects [15].

Zhi-Pan Teng et al [16] investigated the 
relationship between the presence of type 1 
DM and auditory dysfunction by a meta-
analysis review of published data. Based 
on the meta-analysis, they found the odds 
of hearing loss significantly increased in 
the type 1 DM. The hearing impairment 
was mild and subclinical, especially  at 
high frequencies (4-8kHz). The ABR wave 
latencies (waves III and V) and interpeak 
latencies (waves I–III and I–V) were also 

prolonged. This suggested that signal 
transduction efficiency of the central and 
peripheral auditory pathways may be 
slowed down in type 1 diabetes and may 
result from auditory nerve demyelisation 
and spiral ganglion loss. 

Conclusions
The typical hearing loss in patients with 
diabetes is considered as a progressive, 
bilateral, sensorineural deafness of 
gradual onset, predominantly at the 
higher frequencies. This may be a result 
of the impairment of the basal region of 
the cochlea, which is more vascularised 
and, therefore, more susceptible to 
microangiopathic damage.

This review suggests that diabetics may 
experience hearing loss at earlier ages. 
Audiologists seeing middle-aged patients 
with unexplained hearing loss may wish to 
inquire about history of diabetes and family 
history of diabetes. Patients with diabetes 
should be encouraged in their efforts to 
maintain good blood glucose control. 
Diabetics should also be screened for 
hearing loss at younger ages. 

References 
1. Ma F, Gomez-Marin O, Lee D, Balkany T. Diabetes and 

hearing impairment in Mexican American adults: A 
population-based study. The Journal of Laryngology and 
Otology 1998;112:835-9.

2. Gates G, Cobb J, D’Agostino R, Wolf P. The relation of 
hearing in the elderly to the presence of cardiovascular 
disease and cardiovascular risk factors. Archives of 
Otolaryngology - Head & Neck Surgery 1993;119:156-61. 

3. Dalton D, Cruickshanks K, Klein R, et al. Association of 
NIDDM and hearing loss. Diabetes Care 1998;21:1540-4. 

4. Sakuta H, Suzuki T, Yasuda H, Ito T. Type 2 diabetes and 
hearing loss in personnel of the Self-Defense Forces. 
Diabetes Research and Clinical Practice 2007;75:229-34.

5. Bainbridge K, Hoffman H, Cowie C. Diabetes and 
hearing impairment in the United States: Audiometric 
evidence from the National Health and Nutrition 
Examination Survey, 1999 to 2004. Annals of Internal 
Medicine 2008;149:1-10.

6. Horikawa C, Kodama S, Tanaka S, et al. Diabetes and risk 
of hearing impairment in adults: a meta-analysis. J Clin 
Endocrinol Metab 2013;98:51-8. 

7. Vesperini E, Maurizi A R, Pozzilli P, Salvinelli  F. Diabetes 
and Auditory Risk: the Recent Data. International Journal 
of Clinical Reviews 2012.

8. Smith TL, Raynor E, Prazma J, et al. Insulin- dependent 
diabetic microangiopathy in the inner ear. Laryngoscope 
1995;105:236-40. 

9. Fukushima H, Cureoglu S, Schachern PA, et al. Cochlear 
changes in patients with type 1 diabetes mellitus. 
Otolaryngol Head Neck Surg 2005;133:100-6. 

10. Pudar G, Vlaski L, Filipovic D, Tanackov I. Correlation of 
hearing function findings in patients suffering from 
diabetes mellitus type 1 in regard to age and gender. 
Med Pregl 2009;9:395-401. 

11. Nardo W, Ghirlanda G, Paludetti G, et al. Distortion-product 
otoacoustic emissions and selective sensorineural loss in 
IDDM. Diabetes Care 1998;21:1317-21. 

12. Elbarbary NS, El-Kabarity RH, Desouky ED. Cochleopathy 
in Egyptian adolescents with type 1 diabetes mellitus. 
Int J Pediatr Otorhinolaryngol 2012;76:1558-64.

13. Murphy R, Turnbull DM, Walker M, Hattersley AT. “Clinical 
features, diagnosis and management of maternally 
inherited diabetes and deafness (MIDD) associated with 
the 3243A>G mitochondrial point mutation.” Diabet. 
Med 2008;25(4):383-99.

14. Janssen GM, Maassen JA, van Den Ouweland JM. The 
diabetes-associated 3243 mutation in the mitochondrial 
tRNA(Leu(UUR)) gene causes severe mitochondrial 
dysfunction without a strong decrease in protein 
synthesis rate. J Biol Chem 1999;274(42):29744-8.

15. Akinpelu OV, Mujica-Mota M, Daniel SJ. Is type 2 
diabetes mellitus associated with hearing loss? A 
systematic review and meta-analysis. Laryngoscope 
2014;124:767–776. 

16. Teng  Z-P, Tian R, Xing F-L, et al. An association of 
type 1 diabetes mellitus with auditory dysfunction: A 
systematic review and meta-analysis. The Laryngoscope 
2016 doi:10.1002/lary.26346.

Table 1: Metabolically active organs that can be affected by the 3243A>G mitochondrial 
point mutation and the associated complication:

Organ affected associated complication

Ear (cochlea) Sensorineural hearing loss

Eye Macular pattern dystrophy

Heart Congestive heart failure

Kidney Focal segmental glomerulosclerosis

Intestine Malabsorption or constipation

Brain Strokes, atrophy of cerebellum or cerebrum

Muscle Myopathy

“Mild hearing loss is more 
than twice as common in 
people with diabetes as in 
non-diabetics.”
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