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ABSTRACT 

Background: Diabetes is fast gaining the status of a potential epidemic in India with 

more than 62 million diabetic individuals currently diagnosed with the disease. 

Conventional audiometric tests are not sensitive to detect the initial phase of sensory 

loss. A comparative study of Hearing evaluation of paediatric patients with IDDM 

between 6-17 yr and age and sex matched controls was done for evaluating the 

correlation between presence of type1 DM and auditory dysfunction, glycemic control 

and effect of duration of disease on hearing loss in IDDM conducted in Department of 

ENT in Rajindra hospital, Patiala.  

Materials & methods: The present cross sectional observational study included 50 

patients between age group of 6-17 years with confirmed diagnosis of Type 1 DM and 

an average disease duration of more than 1 year and 50 age and sex matched healthy 

controls. The patients were diagnosed as diabetic as per diagnostic criteria of The 

American Diabetes Association. The onset of diabetes was noted on the day of 

commencement of insulin therapy. A Performa was made where data recorded will 

include age, sex, duration of diabetes, insulin dose, BMI, frequency of acute 

complications like diabetic ketoacidosis (DKA), and severe hypoglycemia. This was 

followed by audiological testing, which will include pure tone audiometry (PTA) and 

Otoacoustic emission (OAE). Audiological assessment was done in a sound proof room 

in out - patient clinic of ENT Department, Rajindra hospital, Patiala. Hearing 

thresholds were tested using a commercially available AL Advanced digital audiometer 

AD21OOPS with headphones for speech frequencies and higher frequencies 

audiometry. The limitof normality was defined as a maximum intensity of 25 decibels 

for all frequencies.classic symptoms of hyperglycemia or hyperglycemic crisis. 
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Results: High frequency hearing loss was found to be present in 8 percent of the 

patients (4 patients) of the study group while it was absent in control group. While 

correlating the occurrence of high frequency SNHL with age-wise and gender-wise 

distribution of patients in the study group, non-significant results were obtained.While 

correlating the occurrence of high frequency SNHL with duration of diabetes in the 

study group, non-significant results were obtained. Significant results were obtained 

while comparing the mean RBS levels and HbA1c levels among the patients with and 

without high frequency SNHL. 

Conclusion: Early detection is important in affected children and a range of 

intervention options (such as remotemicrophone listening systems) are available, and 

have proven beneficial in ameliorating the real-world listening effects of auditory 

neuropathy. 

Key words: Subclinical, Diabetic, Hearing loss, Children  

 

INTRODUCTION 

Diabetes is fast gaining the status of a potential epidemic in India with more than 62 million 

diabetic individuals currently diagnosed with the disease. The aetiology of diabetes in India is 

multifactorial and includes genetic factors coupled with environmental influences such as 

obesity associated with rising living standards, steady urban migration, and lifestyle changes.  

The major categories of diabetes are: insulin-dependent DM, type I or IDDM; noninsulin-

dependent DM, type II or NIDDM; secondary DM or type S; impaired glucose tolerance, 

IGT; gestational diabetes; and previous abnormality of glucose tolerance, (PrevAG). 

Formerly called insulin dependant diabetes mellitus (IDDM) or juvenile diabetes, T1DM is 

characterized by low or absent levels of endogenously produced insulin.
1- 3

 

Eye, kidney, cranial nerve, peripheral nerve, ear, and vascular system disorders reside among 

the chronic complications of diabetes mellitus. In the auditory system, DM may lead to spiral 

ganglion atrophy, degeneration of the myelin sheath of the vestibulocochlear nerve, reduction 

on the number of nerve fibers in the spiral lamina, and thickening of the capillary walls of the 

stria vascularis and small arteries inside the ear canal. Diabetes-related hearing loss (DRHL) 

cannot be detected in such a direct method. Although conventional pure tone audiometry 

(PTA) is already commonly used in clinical practice but OAE is a better modality to do 

hearing evaluation in Children.
4, 5

 

Otoacoustic emissions can record the acoustic energy produced by the cochlea in the outer 

ear canal, reflecting active mobility of the outer hair cells and revealing early or subclinical 

cochlear damage. Studies indicate that DPOAE intensity was significantly lower in T1DM 

patients but there PTA was normal suggesting possible subclinical cochleopathy. It is 

recognised that evoked OAEs are more sensitive in revealing early or subclinical cochlear 

damage. The variants of OAE are spontaneous, stimulus frequency, transient evoked and 

distortional product otoacoustic emission. DPOAE are best investigation to evaluate cochlea 

function. The absence of distortion product otoacoustic emissions with normal middle ear 

function is an indication of audiometric threshold greater than 30-35 dB hearing loss. In 

2015, Nader AL Dajani et al. showed that DPOAE testing obtained at amplitude of 1000Hz 

were significantly lower than those of controls at same frequency indicating subclinical 

hearing loss.
6, 7
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Conventional audiometric tests are not sensitive to detect the initial phase of sensory loss. 

The relationship between Diabetes mellitus and hearing impairment remains controversial. A 

comparative study of Hearing evaluation of paediatric patients with IDDM between 6-17 yr 

and age and sex matched controls was done for evaluating the correlation between presence 

of type1 DM and auditory dysfunction, glycemic control and effect of duration of disease on 

hearing loss in IDDM conducted in Department of ENT in Rajindra hospital, Patiala.  

 

MATERIALS & METHODS 

The present cross sectional observational study included 50 patients between age group of 6-

17 years with confirmed diagnosis of Type 1 DM and an average disease duration of more 

than 1 year and 50 age and sex matched healthy controls. These children were subjected to an 

ENT examination and Audio logical assessment was done by PTA and OAE.  All selected 

patients with IDDM were examined in detail, which included detailed history, ENT 

examination TFT, PTA and OAE. Hearing thresholds were assessed by pure tone audiometric 

test. Bone and air conductions thresholds were both tested at frequencies between 250-4000 

Hz and 250-8000 Hz, respectively. The mean of air conduction thresholds of both ears at 

each frequency was recorded as hearing threshold of the subject. Hearing loss was defined as 

a hearing threshold higher than 25 dB. All patients before audio logical assessment signed an 

informed written consent form. The patients were diagnosed as diabetic as per diagnostic 

criteria of The American Diabetes Association. The onset of diabetes was noted on the day of 

commencement of insulin therapy. A Performa was made where data recorded will include 

age, sex, duration of diabetes, insulin dose, BMI, frequency of acute complications like 

diabetic ketoacidosis (DKA), and severe hypoglycemia. This was followed by audiological 

testing, which will include pure tone audiometry (PTA) and Otoacoustic emission (OAE). 

Audiological assessment was done in a sound proof room in out - patient clinic of ENT 

Department, Rajindra hospital, Patiala. Hearing thresholds were tested using a commercially 

available AL Advanced digital audiometer AD21OOPS with headphones for speech 

frequencies and higher frequencies audiometry. The limitof normality was defined as a 

maximum intensity of 25 decibels for all frequencies.classic symptoms of hyperglycemia or 

hyperglycemic crisis. All the results were compiled in Microsoft excel sheet and were 

analysed by SPSS software. Chi- square test, Mann-Whitney U test and student t test were 

used for assessment of level of significance. P- value of less than 0.05 was taken as 

significant. 

 

RESULTS 

A total of 50 diabetic patients (study group) and 50 non-diabetic patients (control group) were 

analyzed in the present study. 44 percent of the patients (22 patients) of the study group and 

46 percent of the patients (23 patients) of the control group belonged to the age group of 10 to 

12 years. 

In the study group, 82 percent of the patients (41 patients) had normal DPOAE findings, 

while the remaining 18 percent of the patients (9 patients) had abnormal DPOAE findings. In 

the control group, 96 percent of the patients (48 patients) had normal DPOAE findings, while 

the remaining 4 percent of the patients (2 patients) had abnormal DPOAE findings. While 

comparing the DPOAE findings in between the study group and the control group, significant 
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results were obtained.  While comparing the age-wise and gender-wise distribution of 

patients with abnormal DPOAE findings in between the two study groups, non-significant 

results were obtained. While comparing the DPOAE findings in between the study group and 

control group in left ear and right ear, non-significant results were obtained. While comparing 

the pure tone audiometry findings in between the study group and control group at 500Hz, 

1000Hz and 2000Hz, non-significant results were obtained. However; at 4000Hz and 

8000Hz, significantly higher number of patients of the study group had value of >25 in 

comparison to the patients of the control group. High frequency hearing loss was found to be 

present in 8 percent of the patients (4 patients) of the study group while it was absent in 

control group. While correlating the occurrence of high frequency SNHL with age-wise and 

gender-wise distribution of patients in the study group, non-significant results were obtained. 

While correlating the occurrence of high frequency SNHL with duration of diabetes in the 

study group, non-significant results were obtained. Significant results were obtained while 

comparing the mean RBS levels and HbA1c levels among the patients with and without high 

frequency SNHL. 

Table 1: DPOAE findings 

DPOAE Study group (n=50) Control group (n=50) Chi-

square 

value 

p- 

value Number of 

patients 

Percentage 

(%) 

Number of 

patients 

Percentage 

(%) 

Normal 

findings 

41 82 48 96 5.005 0.025 

Abnormal 

findings 

9 18 2 4 

Total 50 100 50 100 

 

Graph 1: DPOAE findings in relation to side involvement  
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Table 2: Pure tone audiometry findings (Both ear response) 

Pure tone 

audiometry 

Study group Control group Chi-square 

value 

p- 

value Number % Number % 

500 
<25 50 100 50 100 

0 1 
>25 0 0 0 0 

1000 
<25 49 98 47 94 

1.042 0.307 
>25 1 2 3 6 

2000 
<25 46 92 48 96 

0.709 0.399 
>25 4 8 2 4 

4000 
<25 41 82 48 96 

5.005 0.025 
>25 9 18 2 4 

8000 
<25 41 82 48 96 

5.005 0.025 
>25 9 18 2 4 

 

 

Graph 2: Frequency of occurrence of high frequency SNHL 
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explained by the fact that cochlear hair cells are highly metabolically sensitive so any 

alteration in glucose metabolism alter the hair cell function.
7
 

Bilateral symmetrical mild sensorineural Hearing loss was detected among 8 percent of the 

diabetic patients in the present study. Our results were in concordance with the results 

obtained by Botelho et al who also reported similar findings in their respective studies. They 

reported that Sensorioneural hearing loss was found in 7.7% of diabetic adolescents and no 

control subject. Sensorioneural hearing loss was found in 7.7% of DM1 adolescents and no 

control subject, according to the analysis considering normal or abnormal thresholds at each 

frequency. While all of the subjects in the control group had normal pure-tone audiometry, 

four diabetic patients, presented hearing loss in frequencies at 6000 and/ or 8000 Hz. These 

results were significantly different from those of the control group.  No difference between 

right and left ears was found.
7
 

In a study of Okhovat et al., it was shown that 21 % of diabetic children had symmetrical and 

sensorineural hearing loss with auditory threshold over 25 dB in at least one frequency. J.L. 

Treviño-González et al, in their study on diabetic children, reported that subclinical heating 

loss was found to be present in 14.3 percent of the patients.
8, 9

 

Ferrer et al. reported higher auditory thresholds in the frequencies from 250 to 8,000 Hz in 

juvenile patients with IDDM. Another study in children with IDDM showed a significant 

hearing loss in mid- and high frequencies. In the same study, the authors also found that the 

hearing loss was symmetrical, generally mild, and affected both genders equally.
10

 

In sensorineural hearing loss, there is usually initial damage at high frequencies resulting 

from impairment of the basal region of the cochlea, which could be explained by the basal 

region being more vascularized and therefore more susceptible to damage. Experimental 

studies performed in animals with induced diabetes showed several changes in cochlear 

structures. These findings suggest that the microangiopathy associated with diabetes might 

affect the vascularization of the inner ear, causing degeneration of its structures.
11- 13

 

In the present study, non-significant results were obtained while correlating the presence of 

hearing loss and age-wise distribution among diabetic patients. Our results were in 

concordance with the results obtained by Seidl R et al and A Elamin et al, who also reported 

similar findings in their respective study. They also reported that among pediatric population 

presence of hearing loss was not correlated with age-wise distribution of patients. A.Elamin 

reported Twenty-one patients (33%) significant hearing loss with auditory threshold above 25 

dB in at least one frequency. The hearing loss was symmetrical, sensori-neural in nature, and 

affecting mainly the middle and high frequencies. When the degree of hearing impairment 

was quantified, fourteen of the 21 patients (67%) had mild hearing loss (range 25-30%), four 

patients (19%) had moderate hearing loss (range 31-39%), and three patients (14%) had 

severe hearing loss >40%. Symptomatic hypoacusia was not complained of even by the seven 

patients who had more than mild degree of hearing impairment. The auditory threshold was 

not correlated with the age or sex of the patient, stage of pubertal development. However; our 

results were discordance with the results obtained by Ferrer et al who reported significant 

correlation with age and hearing loss among diabetic children.
10, 14

 

In the present study, mean HbA1c concentration of the diabetic patients with hearing loss and 

was 8.4 and without hearing loss was 6.4% respectively. It was observed that diabetic 

patients with hearing loss had significant poorer glycemic control in comparison to diabetic 
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patients without hearing loss. Our results were in concordance with the results obtained by 

Seidl R et al who also reported similar findings. In their study, they investigated whether 

young IDDM patients develop central nervous dysfunction and to establish a possible 

relationship with various disease parameters were compared with age- and sex-matched 

control subjects. Patients noninvasively subjected to EP’s detect subclinical central nervous 

system involvement in children and adolescents with IDDM. Most important risk factors in 

their study were duration of disease and frequency of severe hypoglycemia.
15

 

Study published by Rajesh P, Devendra Negi in January 2019 showed similar results albeit in 

type 2 diabetic patients with age between 35-55 yrs The without  hearing loss group had 

11.5% and 16.6 % fail response in right ear with hearing loss. For left ear these responses 

were8.3% and 23 %.these were no significant results.
16

 

This is  in contrast to  study conducted by Abd El Dayem SM et al where they evaluated 

auditory function in a group of Egyptian type 1 diabetic children and found Patients with 

failed otoacoustic emission were significantly higher in disease duration >10 years.
17

 

However, many recent studies, which utilize modern electro-physiological tests, have 

succeeded in demonstrating impaired auditory brain stem responses and absence of 

otoacoustic emissions in the diabetic patients who have no clinical hypoacusia and who 

showed normal pure tone audiometric tests. These findings support the assumption that sub-

clinical hearing loss occurs early in diabetic patients and progressed slowly over time.  

In view of current knowledge, there is evidence that diabetes mellitus caused hearing loss to 

variable extent. It is known that a series of variants may favor the association between both 

diseases, but it is necessary to conduct more careful studies to define the true role of these 

factors. As seen before, diabetes mellitus and hearing loss can be dependent components, or 

even components of a genetic syndrome and not dependent one on the other. 

 

 

CONCLUSION 

Early detection is important in affected children and a range of intervention options (such as 

remotemicrophone listening systems) are available, and have proven beneficial in 

ameliorating the real-world listening effects of auditory neuropathy. 
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