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1. Introduction

Aim: The aim of this study is to find out the incidence of hearing loss in diabetes mellitus among 

the type 2 diabetes mellitus patients. Methods: A study was done with sixty type 2 diabetes 

mellitus patients of age 40-50 years attending the diabetic OP, Stanley Medical College, 

Chennai, Tamilnadu, India. The control group was sixty non diabetic people matched with age 

and sex, attending the master health check up scheme and medicine out patient department. 

All the patients were subjected to the following tests such as fasting, postprandial blood sugar, 

glycosylated hemoglobin (HbA1C) and audiometry.  Results: The number of people affected 

with sensorineural deafness among the diabetics is 73.3% when compared to that of the 

controls 6.7%, which is highly significant (P = 0.001). The audiograms of the diabetics were 

suggestive of mild to moderate sensorineural deafness and the hearing loss was more towards 

the higher frequencies. Conclusion: The diabetic subjects showed significant high frequency, 

bilateral, mild to moderate sensorineural hearing loss (73.3%)  as compared to controls of 

similar age. The glycemic status and duration of diabetes have no significant correlation with 

hearing loss and both the sexes were equally affected.

Diabetes Mellitus is a metabolic disorder, due to relative or 

absolute lack of insulin resulting in elevated blood glucose levels 

associated with long term vascular and neurological complications 

[1]. Among glucose metabolism disorders, diabetes mellitus is the 

one most commonly related with auditory disorders. Diabetes also 

affects lipid and protein metabolism. Though Diabetes Mellitus is of 

varied etiology, the common manifestation is hyperglycemia. The 

pathophysiological basis of the type 2 Diabetes Mellitus is a 

combination of impaired Beta cell function, with marked increase 

in the peripheral insulin resistance at receptor/post receptor levels 

and increased hepatic glucose output production. Even several 

years after the discovery of insulin, diabetic patients still have 

considerably reduced life expectancy despite a significant 

reduction in the incidence of acute metabolic events like 

ketoacidosis. The excess mortality is mainly due to long term micro 

and macro vascular complications affecting the blood vessels of 

eyes, kidneys, heart and nerves [1].

It has been postulated that the micro vascular complications 

also affect the hearing of individuals with diabetes. Studies in 

diabetic animals have demonstrated thickening of the basement 

membrane of the capillaries of stria vascularis [2]. 

Histopathological studies have shown damage to the nerves and 

vessels of the inner ear of the individuals with diabetes. These 

vascular changes have been theorized to be an important causative 

factor for neuronal degeneration in the auditory system [3]. 

Hearing loss is defined as a pure tone average of the frequencies 

250,500,1000,2000,4000,6000,8000 Hz when the hearing 

threshold is greater than 25 decibel in that ear. Hearing loss is 

impairment of hearing and its severity may vary from mild to 

severe or profound and in general hearing loss may be conductive, 

sensorineural or mixed [4]. The typical hearing impairment 

described in diabetics is a bilateral sensorineural hearing loss. 

Diabetes mellitus has been implicated as independent causative 

factor of sensorineural hearing loss [5].  
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  There are many different types of hearing loss found in diabetic 

patients. One of them is progressive, gradual bilateral 

sensorineural loss, affecting especially high frequencies and the 

elderly. It would be similar to presbyacusis, but with more severe 

losses than those expected by aging [6]. Conversely, there are 

authors who report the possibility of having early sensorineural 

loss [7] and others that reported hearing loss in low and medium 

frequencies [2]. Some studies described diabetes as the possible 

cause of unilateral sudden hearing loss [8]. Since many studies 

have reported contradicting results regarding hearing impairment 

in diabetic patients and only a few studies are done in India, the 

present study is undertaken to determine the incidence of 

auditory dysfunction in type 2 diabetes patients and whether or 

not such auditory dysfunction could be correlated with the 

severity of hyperglycemia. The objective of the study is to evaluate 

the incidence of auditory dysfunction in patients with type 2 

diabetes of age between 40 to 50 years and  to study the 

correlation between the degree of hearing loss and the duration 

and severity of hyperglycemia and also to evaluate whether the 

hearing loss affects one particular gender predominantly.                            

The blood was obtained by venupuncture after an overnight fast 

for fasting glucose and two hours after breakfast for postprandial 

glucose. The samples were immediately mixed with EDTA Sodium 

Fluoride to inhibit glycolysis [9] and the glucose level estimated 

using random assess fully auto chemistry analyzer Bayer express 

plus. The Glucose oxidase / Peroxidase (GOD/ POD) method was 

used for in vitro determination of Glucose in serum or plasma. The 

fasting and postprandial blood glucose levels were estimated to 

find out the glycemic status and serum urea and creatinine levels to 

rule out diabetic nephropathy. The new cases were considered as 

diabetics when their fasting blood glucose value was > 126 mg/dL 

and post prandial plasma glucose was > 200 mg/dL. 

The subjects also underwent the following tests, (i) Blood 

pressure examination to rule out hypertension, (ii) HbA1C level to 

find out the glycemic control, and (iii) all subjects underwent an 

ENT examination, routine hearing tests and a pure tone 

Audiogram.

The tunning fork tests- Weber test, Rhinne test and Absolute 

bone conduction tests were done for both the ears of all subjects. 

Pure Tone Audiometry is the most routine audiometric 

evaluations and the resulting pure tone audiogram is widely used 

as a basic description of the degree of hearing loss.

Audiological examination was performed using a Pure Tone 

Audiometer model 500 MK III of Arphi company in a sound proof 

room in the ENT department, Stanley Medical College and 

Hospital. Ear phones were used to test hearing by air conduction 

and a small vibrator placed over the mastoid was used to test 

hearing by bone conduction. All audiometers incorporate a 

calibration circuit, which allows the output sound level to be set at 

each frequency. The signals presented to the subject by an 

audiometer were characterized by its frequency, sound pressure 

level and wave form which were all controlled. The patient was 

described what will happen during the test and the purpose of the 

test. Biological calibration was done everyday before starting the 

test. Both air and bone conduction were tested for each ear.

This test was based on the measurement of hearing thresholds 

for a range of puretones presented through earphones according 

to the ascending method (Hughson – Westlake, up 5, down 10 

method) [10].

An audiometer [ARPHI 500 MK 1] is an electronic device that 

produces pure tones, the intensity of which can be increased or 

decreased in 5-Db steps. Air conduction thresholds are measured 

for tones of 250, 500, 1000, 2000, 4000 6000 and 8000 Hertz. Bone 

conduction thresholds are measured for 250, 500, 1000, 2000, 

4000 Hz.

The patient was instructed that he would hear tones of short 

duration in either the left or the right ear to start with and the tones 

might become very faint. He was expected to signal by raising his 

This study included 60 type 2 diabetic patients attending the 

Diabetology outpatient department and 60 non – diabetic healthy 

subjects attending the Master Health check up Scheme and the 

Medicine Outpatient Department, Stanley Medical College and 

Hospital, Chennai, Tamilnadu, India.  This Descriptive correlation 

study was carried out for a period of one year. Before the medical 

examination, subjects completed self administered questionnaires 

about medical history and life style including smoking habit, 

average number of cigarettes smoked daily and the weekly 

frequency of alcohol intake as none or regularly (at least once a 

week) . Smokers and non smokers were defined as subjects who 

had smoking habit at the time of annual health examinations and 

those who did not, and the smokers are further categorized 

according to the number of cigarettes smoked per day (light 1 to 9, 

moderate 10 to 19, heavy ≥ 20). Those with a demonstrated history 

of noise damage or audiograms signifying the noise damage were 

excluded as were subjects exhibiting middle ear hearing loss. 

Inclusion criteria were type 2 diabetic patients of age 40 to 50 

years with no previous history of ear diseases. Non diabetic, age 

and sex matched healthy subjects with no previous history of ear 

diseases. Exclusion criteria were family history of deafness, 

history of chronic suppurative otitis media, meningitis, head or ear 

trauma, chicken pox / small pox, malaria, jaundice, thypoid, 

cholera, history of ear surgeries performed in the past, history of 

ototoxic drug intake, chronic smoking, radiotheraphy, 

autoimmune diseases and systemic diseases like hypertension, 

cardiac diseases and renal failure and occupational noise 

exposure. Group I (n=60): 60 non – diabetic healthy subjects 

attending the Master Health check up Scheme and the Medicine 

Outpatient Department, Stanley Medical College and Hospital. 

Group II (n =60): 60 type 2 diabetes patients attending the 

Diabetology out patient department, Stanley Medical College and 

Hospital. Written consent was obtained from all the subjects 

enrolled in the study after explaining to them in detail about the 

study in their own language. The study was approved by the 

institutional Ethical committee, Stanley Medical College and 

Hospital, Chennai, Tamil Nadu, India.

2.1.Sample collection for estimation of biochemical 

parameters 

2.2.  Tests for hearing

 2.3. Pure Tone Audiometry

2.4.Pure Tone Audiometry: Air Conduction Threshold

2.5.Test frequencies
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finger corresponding to the side of the ear, as soon as the tone was 

heard and keep it raised as long as it is heard, no matter how faint it 

was.

The test was started at 1000 Hz. A clearly audible signal, about 

40 dB HL (decibel hearing level) was presented if the hearing 

threshold of the subject was assumed to be normal and if there was 

difficulty in hearing, 60 dB HL was given. The level of the tone was 

then reduced in steps of 10 dB until the tone became inaudible and 

the patient did not respond. Then the level of the tone was 

increased in steps of 5 dB, presenting one pulse at each level until a 

response was obtained. The level at which the subject gave a 

response after the raise of 5 dB was the threshold. Then the test 

was continued at the next higher frequency till 8000 Hz. Again 

returned to 1000 Hz and then tested at 500 Hz and 250Hz. The 

other ear was tested in the same way.

Pure tone bone conduction audiometry is a complement to air 

conduction audiometry and provides information about the 

conductive element of hearing loss. This test consists of the 

measurement of hearing thresholds for pure tones presented by 

means of a bone vibrator placed on the mastoid process behind the 

outer ear. The measurement was performed according to the 

ascending method (Hughson Westlake, up 5, down 10,method ). In 

conventional audiometers, bone conduction thresholds are 

measured upto 4000Hz only

Bone conduction thresholds are measured for 250, 500, 1000, 

2000, 4000Hz. The patient was instructed that he would hear short 

tones and the tones might be very faint and   might be heard in 

either ear or both ears simultaneously. He should raise the finger 

corresponding to the side of the ear, as soon as the tone was heard 

and he should not touch the bone vibrator after its final placement.

The test was started with the better ear if the side difference was 

known or with that ear to which the test tones were lateralized in 

Weber's test. The bone vibrator was placed over the mastoid 

process. The test was started with 1000 Hz.  A continuous, clearly 

audible tone was switched on and the position of the bone vibrator 

was adjusted until the patient indicated when the tone was the 

loudest. Any contact between the vibrator and the outer ear was 

avoided. The patient should not wear earphone during the test 

[11]. A test tone of 1 to 2 seconds duration was presented at about 

40 dB HL and if the level was inaudible, the test tone was increased 

in steps of 10 dB until a response was obtained. Then the level was 

reduced in steps of 20 dB, until the tone was inaudible and the 

patient did not respond. The level was then increased in steps of 5 

dB, until a response was obtained. The level at which he responded 

was the threshold. Then the test was continued with other test 

frequencies and also in the other ear. Masked pure tone 

audiometry is done if there is a difference of more than 40 dBs      

2.6.Threshold determination 

2.7.Pure Tone Audiometry: Bone Conduction Threshold

2.8. Procedure

2.9.Threshold determination

 between air conduction threshold of the test ear and the bone 

conduction threshold of the opposite ear or when the air bone gap 

of the poorer ear under test is more than 10 dB. Student t test 

habeen used to find the significance of auditory thresholds (dB) 

between various categories of parameters. Analysis of variance 

[ANOVA] has been used to find the significance of auditory 

thresholds in different groups. The statistical soft ware namely 

SPSS 11.0 was used for the analysis of the data and Microsoft Word 

and Microsoft Excel have been used to generate graphs, tables, etc. 

Table.1. Compares the glycemic levels in groups I & II which is 

highly significant (P = 0.001). Using the chisquare test the number 

of people affected with sensorineural deafness among the 

diabetics is 73.3% (44/60) when compared to that of the controls  

(6.7%, 4/60) which is highly significant (P = 0.001).

Table.1. Compares the glycemic levels in groups I & II which is 

highly significant (P = 0.001). Using the chisquare test the number 

of people affected with sensorineural deafness among the 

diabetics is 73.3% (44/60) when compared to that of the controls  

(6.7%, 4/60) which is highly significant (P = 0.001).

3. Results

Table 1.  Hearing loss in groups I & II

Table 2(a) Mean air conduction threshold (right ear) at 

different frequencies

HS-highly significant

Fasting 
blood
sugar

 (mg/dL) 
Mean ±  SD      

Frequencies 
in hertz

Postprandial 
blood 
sugar 

(mg/dL)

Number of 
subjects 

with 
hearing

 loss                                                     

Group I 
controls              
(n = 60)                             

250

500

1000

2000

4000

6000

8000

χ2 =58.79          P= 0.001  ( Significant )

Group II
Diabetics

  (n = 60)

80.8   11.43           ±

20.42   2.65

20.42   2.65

20.25   1.94

20.42   1.91

20.5     2.20

20.5     2.38

20.6     2.98

 ±

 ±

 ±

 ±

 ±

 ±

 ±

20.0     0.00

20.0     0.00

20.0     0.00

22.5     2.52

25.5     3.87

28.92   5.97

31.83   7.97

 ±

 ±

 ±

 ±

 ±

 ±

 ±

1.218

1.218

1.00

5.105

8.697

10.139

10.956

0.226

0.226

0.319

0.000

0.000(HS)

0.000(HS)

0.000(HS)

181.47 9.93±

106.7   14.8±

286.8  103.3 ±

0.001         0.001         4 (6.7%)

44(73.3%)

p value

Right ear

Mean air conduction 
thresholds ( dB )  SD±

Group I
(controls, 

n=60)                

Group II
(diabetics, 

n=60)

t value p value

p value
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In Table 4, comparison of hearing loss between the males and 

females for the right and the left ears was made. This shows no 

significant difference in hearing loss for right and left ears among 

males and females. 

   The audiograms of the diabetics were suggestive of mild to 

moderate sensorineural deafness, with no significant air bone gap 

and the hearing loss was more towards the higher frequencies. 

This study has evaluated the hearing loss in the patients with 

diabetes and the influence of hyperglycemia on hearing and it 

shows that the diabetics had a 73% incidence of deafness when 

compared to the non- diabetics of the same age group ( 6.7%,Table 

1 ). Previous studies show incidence of hearing loss ranging from 

30%  to 95%. Friedman et al [12] showed a 55% incidence of 

hearing loss in diabetic patients. Kakarlapudi et al [13] found that 

hearing loss was more common in diabetic patients (13.1% 

prevalence) than the control non diabetic healthy subjects. Weng 

et al [14] noted that among the 67 diabetic subjects examined, 

44.8% of them had profound hearing loss. 

The duration of diabetes (above or below 10 years) as well as the 

glycemic control (HbA1C level above or below 8) were found to 

have no effect in the incidence of hearing loss in the diabetic group. 

Celik et al [15] observed that as the duration of diabetes increased 

to 15 years, the incidence of hearing loss also increased. After 15 

years of diabetes, the influence on hearing loss was not significant. 
Taylor and Irwin (1978) [6] observed that female patients with 

diabetes had significantly greater hearing loss when compared 

with male patients with diabetes. According to Cullen and 

Cinnamond (1993) [16], male patients with diabetes had worse 

hearing than female patients with diabetes. In this study we 

observed no differences between the sexes.

   Many studies suggested that diabetes causes hearing loss. Many 

have tried to identify the cause and based on their conclusions, the 

probable mechanisms are microangiopathy of the inner ear, 

neuropathy of the cochlear nerve, a combination of both, outer hair 

dysfunction and distruption of endolymphatic potential. The 

tissue effects of diabetes are thought to be related to the polyol 

pathway, where glucose is reduced to sorbitol. Sorbitol 

accumulation is implicated in neuropathy by causing a decrease in 

myo inositol content, abnormal phosphoinositide metabolism and 

decrease in Na+ K+ ATPase activity [17]. Makishima and Tanaka 

(1971)[18] observed severe atrophy of the spiral ganglion in the 

basal and middle turns of the cochlea in diabetic patients with 

sensorineural hearing loss. They also observed that 8th nerve 

showed changes of myelin degeneration with fibrosis of 

perineurium.

     Jorgensen (1961) [19] observed thickening of the walls of the 

vasa nervorum of 8th nerve, leading to acoustic neuropathy. 

Wackym and Linthicum (1986) [20] observed microangopathic 

changes in the endolymphatic sac, stria vascularis and basilar 

membrane. 

Van den Ouweland et al [21] observed a mutation in 

mitochondrial tRNA in a small subset of patients with maternally 

inherited diabetes with sensorineural hearing loss. Lisowska et al 

[22] demonstrated abnormalities of outer hair cell function and 

4. Discussion

Table 2(a) & (b) shows the comparison of mean air conduction 

t h r e s h o l d  a t  d i f f e r e n t  

frequencies(250,500,1000,2000,4000,6000,8000 Hz)  which was 

done for right and left ear. Eventhough the hearing loss started at 

4000Hz(mean 27.39 for right and mean 28.43 for left ear)  in both 

the ears, it was maximum at 8000Hz(mean is 38.62 for right ear 

and 38.13 for left ear).

Comparison of mean bone conduction threshold at different 

frequencies for right and left ear was done and results tabulated in 

Table 3(a) & (b). In both the ears the hearing threshold increased at 

2000 Hz and showed the maximum at 4000 Hz (mean is 20.58 for 

the right ear and 22.25 for left ear).

Table 3(a). Mean bone conduction threshold (right ear) at 

different frequencies

Table 3(b). Mean bone conduction threshold (left ear) at 

different frequencies

Table 4.  Comparison of hearing loss between males and 

females

NS-Not significant

Table 1.  Hearing loss in groups I & II

Table 1.  Hearing loss in groups I & II

Table 1.  Hearing loss in groups I & II

Table 2(b). Mean air conduction threshold (left ear) at 

different frequencies

HS-highly significant

HS-highly significant

Frequencies 
in hertz

Frequencies 
in hertz

250

500

1000

2000

4000

250

500

1000

2000

4000

 Males
 (n= 17)              

Females 
(n= 43)           

30.59  8.45±

32.33   7.81±

0.4701 (NS)           31.76  9.34            ±

34.77     8.65±

0.2621 (NS)

10.42   2.65

10.42    2.65

10.25    1.94

10.42    1.91

10.83    3.21                                                                                       

±  

±

±

±

±

10.75     3.30

10.5       1.77

10.42     1.67

10.67     1.95

11   3.77

±

±

±

±

±

Left ear

Left ear

Mean air conduction 
thresholds ( dB )  SD±

Mean air conduction 
thresholds ( dB )  SD±

 Mean at 8000 
Hz right ear   SD in 

threshold  in dB           
±

Mean threshold
  in dB at 8000 Hz 

left ear +  SD

Group I
(controls, 

n=60)                

Group I
(controls, 

n=60)                

Group II
(diabetics, 

n=60)

Group II
(diabetics, 

n=60)

t value

t value

p value

p value

p value

p value

10.0    0.00

14    3.42

20.58    7.08

± 

10.0  ±   0.00

10.0  ±   0.00

±

±

10       0.00±

10     ±  0.00

10.08  ± 0.65

15.25  ±  3.84

22.25  ±  7.45

1.218

1.218

1.000

7.08

9.71

1.76

2.18

1.44

8.24

10.44

0.226

0.226

0.319

0.001 (HS)

0.001 (HS)

0.08

0.06

0.15

0.001 (HS)

0.001 (HS)
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abnormal auditory brain stem responses in patients with diabetes. 

Fukushima et al [23] concluded that Type 2 Diabetes results in 

changes in cochlea, such as significant atropy of stria vascularis & 

otic loss in basal turn, which likely results in hearing loss.

In this study, the audiogram analysis of controls and diabetics 

showed that 4 of the controls had hearing loss (Table I) and 44 of 

the diabetics had hearing loss. Analysis of the controls with 

hearing loss shows that one of them had hearing loss at lower and 

mid frequencies(250Hz - 2000Hz) and the others had the hearing 

loss at higher frequencies (above 2000Hz). For all the diabetic 

subjects with hearing loss, the threshold of hearing in both the air 

conduction and bone conduction started to increase from 2000 Hz. 

The analysis of the mean air conduction thresholds of the group I 

(controls) and group II(diabetics) for the right and left ears ( Table 

3a & 3b) at the frequencies 250,500,1000,2000,4000,6000,8000 

Hz shows that in the right ear of diabetics, the hearing loss started 

at 4000 Hz.(mean 27.39dB), the mean threshold was maximum at 

8000 Hz (mean 35.62 dB) and in the left ear of diabetics the hearing 

loss started at 4000Hz.(mean 28.43dB) and the mean air 

conduction threshold at 8000 Hz was the maximum (mean 

38.13dB)

The analysis of the mean bone conduction threshold of groups I 

and II of the right and left ears at 250, 500, 1000, 2000, 4000Hz was 

made ( Table 4a & 4b) which shows that in both the ears of the 

diabetic patients with hearing loss, the hearing threshold 

increased at 2000Hz and was even more at 4000Hz(mean 20.58 

for the right ear and 22.25 for the left ear). In the present analysis, 

hearing loss was observed at higher pure tone frequencies at 4000 

to 8000 Hz. Audiograms of the diabetic patients had no significant 

air bone gap and the hearing loss was of the sensorineural type. 

This result was in concordance with previous studies [16, 17, 20]. 

But Fangchao Ma et al [24] and Friedman et al [12] observed the 

strongest association of hearing loss at lowest frequency at 500 Hz. 

Gibbin and Davis [25] found a statistically significant incidence of 

type II tone decay in the overall group of diabetics at 2000Hz. 

According to Frisina et al [26] the greatest deficit of hearing in the 

diabetics tended to be at low frequencies.. Vaughan et al [27] 

suggest that diabetic patients 60 years old or younger may show 

early high frequency loss similar to early presbyacusis. 

Our study reports that the incidence of sensorineural deafness 

is increased in diabetics. The hearing loss is a progressive, bilateral, 

sensorineural deafness of gradual onset which affects 

predominantly the higher frequencies. The decrease in hearing 

acuity is similar to presbyacusis but those affected show a hearing 

loss greater than could be expected at that age. 

5. Conclusions

In conclusion, the type 2 diabetic subjects had a higher hearing 

threshold than the healthy controls. The diabetics showed 

significant high frequency, bilateral, mild to moderate 

sensorineural hearing loss (73.3%) as compared to controls of 

similar age. The duration of diabetes and the glycemic status had 

no significant co-relation with hearing loss and the hearing was 

affected in both sexes equally. Therefore the auditory health of 

diabetic patients is to be more carefully followed up by health care 

professionals.
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