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INTRODUCTION
Diabetes mellitus is a non-communicable disease emerging as an 
epidemic in developing countries like India. The most common causes 
are sedentary life style, improper diet, lack of exercise and stress. It is 
characterized by raised blood sugar levels primarily due to impaired 
beta cell function of Pancreas [1]. International Diabetes Federation 
says that there are 463 million diabetics in the world. Among them, 
79.4 million are there in India and it is expected to rise by 87 million in 
2030[2]. The complications of diabetes are caused by microvascular 
and macrovascular pathology. Diabetes affects many organ systems 
like kidneys, heart, eyes, nerves [3].

Both central and peripheral neuropathy are common complications of 
type 2 diabetes mellitus. Sensory neural deafness due to diabetes 
mellitus is very common among them [5]. This is shown in a study 
funded by National Institutes of Health which says that deafness 
caused by auditory neuropathy is twice common in diabetic 
individuals when compared with normal people[6].The deafness seen 
in diabetes is a bilateral sensory neural deafness associated with micro 
vascular pathological changes in the cochlea, like vessel wall 
thickening, atrophy of stria vascularis and outer hair cell loss[7].

Auditory neuropathy due to diabetes may manifest clinically later, but 
it can be detected earlier with the help of electrophysiological tests [8]. 
These electrophysiological tests are non-invasive with no side effects 
and highly sensitive. Brainstem evoked auditory response one among 
them which reects the bioelectrical responses of the auditory nerve to 
brief auditory stimulation that are recorded as potentials when it is 
conducted through auditory nerve up to midbrain. This is also used in 
the assessment of hearing impairment in uncooperative patient like 
children and in patients with brainstem dysfunction [9].

Typically, the Brainstem evoked auditory response consists of ve 
waveforms (I, II, III, IV, V) that are recorded within 10msec of an 
acoustic stimulus. The waves I, II, III, IV, V are assigned from peripheral 
portion of auditory nerve, cochlear nucleus, superior olivary complex, 
lateral lemniscus, inferior colliculus of midbrain [10]. In auditory 
neuropathy due to diabetes there may be increase in latency and decrease 
in amplitude of the waves in response to auditory click stimulus.

The aim of this study was to compare the Brainstem evoked auditory 
response in type 2 diabetics with normal BMI and elevated BMI. This 
study helps to assess whether increased BMI is positively correlated 
with severity of sensory neural hearing loss and if it so, whether 
maintaining an ideal Body mass index(BMI) will help in prolonging 
the complications like sensory neural hearing loss in these individuals.

MATERIALS AND METHODS
This cross sectional study was carried out in the Department of 

Physiology, Government Medical College, Chennai from February 
2017 to July 2017. The study subjects include 60 individuals of both 
gender in the age group of 30-50 years. They all diagnosed as type 2 
diabetes for more than 5years and attending Medicine OP for treatment 
They were divided into two groups according to BMI as normal 
(18.50-24.99) and those with elevated BMI (25-40.00). After 
obtaining approval from the Institutional Ethics Committee, proper 
informed consent was taken from all the study individuals prior to the 
study. Those with history of trauma, occupational noise exposure, 
treatment with ototoxic drugs, familial deafness, history of alcohol, 
cigarette, tobacco use, or systemic diseases like uraemia, stroke, 
hepatic encephalopathy, multiple sclerosis, thyroid disorders, 
anaemia, meningitis were excluded from this study.

Medical And Biochemical Examination:
All the study individuals were subjected to the following prior to 
BERA:
Detailed medical history and life style

Body Mass Index(BMI) was calculated by Quetlet's index

General physical examination and systemic examination

Thorough ENT examination to rule out peripheral hearing loss

Blood urea, creatinine, FBS, HbA1C levels were taken.

BERA Study
The study was done as per the guidelines of American Clinical 
Neurophysiological Society. The recording of waves was carried out 
by RMS EMG EP Marc II Channel machine. BERA was done in a semi 
dark room with quiet environment. After masking the sounds from 
opposite ear, broad band click stimulus was given via headphones at a 
rate of 11.1Hz. The intensity of the clicks were 60dB above the 
individual perceptual hearing threshold. Percutaneous silver disc 
electrodes were used to record. To show replicability minimum two 
responses were obtained from both the ears separately. The latencies of 
waves I, III, V and interpeak latencies I-III, III-V, I-V were interpreted. 
Statistical analysis was done using SPSS software.

RESULTS:
Table 1: Comparison Of HbA1C Levels In Diabetic With Normal 
BMI And Diabetic With Elevated BMI

Statistically signicant 'p' value ≤ 0.05
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Study Group Mean SD 'P' value

Diabetic with normal BMI(n=30) 5.58 0.34 0.000

Diabetic with elevated BMI(n=30) 8.25 0.58
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The HbA1C levels were signicantly increased ('p' value ≤ 0.05) in 
diabetics with elevated BMI when comparing diabetics with normal 
BMI.

Table 2: Comparison Of Right Ear Wave Latencies I, III, V& IPL 
I-III, III-V, I-V Between Diabetic With Normal BMI And Diabetic 
With Elevated BMI

Statistically signicant 'p' value ≤0.05

Among diabetic individuals with elevated BMI, the latencies of wave 
I, III, V and IPL I-III, III-V, I-V were increased with signicant 'p' value 
in comparison to diabetic with normal BMI

Table 3: Comparison Of Left Ear Wave Latencies I, III, V & IPL I-
III, III-V, I-V Between Diabetic With Normal BMI Diabetic With 
Elevated BMI

Statistically signicant 'p' value ≤0.05

The latencies of wave I, III, V and interpeak latencies I-III, III-V, I-V 
were increased with signicant 'p' value among diabetic with elevated 
BMI when compared to diabetic with normal BMI. For both the groups 
there was no signicant difference between right and left ears in wave 
latencies I, III, V and interpeak latencies I-III, III-V, I-V.

DISCUSSION:
As like any other organ system, the auditory system also uses glucose for 
its energy demands. This explains that the cochlea may also be affected 
by diabetes and its complications. Exposure of cochlea to raised blood 
glucose levels, will initiate metabolic changes, that could disrupt it both 
anatomically and physiologically. In patients with sensory neural 
deafness due to diabetes, there is damage to the nerves and blood vessels 
of the inner ear [11]. In our study the mean HbA1C levels was 
signicantly high in diabetic patients with elevated BMI (p value 0.00) 
when compared with normal BMI individuals. In diabetics with elevated 
BMI, the latencies of waves I, III, V were increased in both right and left 
ears signicantly (p value of 0.00) in comparison to diabetic with normal 
BMI. This study correlates with the study conducted by Al-
Azzawi[12].This shows delay in transmission of auditory stimulus in the 
auditory pathway of diabetics with elevated BMI and indicates sensory 
neuropathy at brainstem and midbrain level[13]. Also in this study, there 
was conduction delay through the auditory pathway as shown by 
increase in the interpeak latencies of both right &left ear in diabetic with 
elevated BMI ('p' value0.00) signicantly. This was also seen by those 
conducted by Durmus[14].The sensory neural hearing loss in diabetes 
could be explained by various pathophysiological mechanisms. The 
electrolyte homeostasis in the endolymph may be altered due to 
increased permeability of endothelium of stria vascularis. This can 
interrupt the signal transduction and transmission.

Endolymph and perilymph micro haemorrhages, destruction of hair 
cells, and atrophy of the spiral ganglion was also observed in many 
histopathological studies [15]. The same changes may also be 
observed in cochlear tight junctions which act as anatomical barrier 
between perilymph and endolymph. This can produce cochlear ionic 
imbalance. Three main mechanisms have been proposed to explain 
pathogenesis of sensory neuropathy in patients with diabetes which 
may be the cause for hearing loss.

1. Structural abnormality of endo neural vessels causing multiple 

infarcts due to anoxia
2. Abnormalities in metabolism like reduction in free myoinositol, 

Na-K ATPase, and rate of protein synthesis
3. Non enzymatic glycosylation induced protein alteration

All these mechanisms will produce degeneration of axon by impairing 
transport across the axon 16]. Therefore, in diabetics with elevated 
BMI can have subclinical hearing loss & impaired brainstem auditory 
response, independent of peripheral neuropathy. In our study there was 
an increase in wave latencies of I, III, V and interpeak latencies I-III, 
III-V, I-V. There was also no signicant difference between right and 
left ears.

CONCLUSION:
By this study, we understood that even though earlier in the course of 
diabetes a person might be unaware of any hearing loss, yet 
degenerative changes start appearing at various levels. BERA which is 
a simple, non-invasive test can detect this subtle degenerative changes 
in the auditory nerve. Therefore, considering the prevalence of 
diabetes in India and its long term complication on an individual's 
hearing, it is recommended that BERA testing may be carried out in 
diabetics particularly in those with elevated BMI and increased 
HbA1C levels.

This was the most important clinical implication of this study. So 
diabetic patients should maintain an ideal BMI by regular exercise and 
proper diet. This will help in keeping the HbA1C level within normal 
limits and prolonging complications of diabetes such as sensory neural 
hearing loss.

Limitations Of The Study:
Relatively smaller sample size, duration of diabetes and BERA 
latencies by gender were the limitations of this study.
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BERA 
Latencies
right ear

 Diabetic with normal 
BMI (n=30) Mean+/- 
SD

Diabetic with elevated 
BMI (n=30) Mean+/- 
SD

'p' 
value

I 1.40+/- 0.12 1.86+/- 0.12 0.000
III 3.51+/- 0.25 4.70+/- 0.18 0.000
V 5.67+/-0.15 5.74+/- 0.14 0.006
I-III 2.79+/- 0.15 2.80+/- 0.14 0.007
III-V 1.99+/- 0.12 2.29+/- 0.18 0.000
I-V 4.12+/- 0.18 4.40+/- 0.11 0.000

BERA 
Latencies
left ear

Diabetic with normal 
BMI(n=30) 
Mean +/- SD

Diabetic with elevated 
BMI(n=30) 
Mean+/- SD

'p' 
value

I 1.41+/- 0.10 1.82+/- 0.12 0.000
III 3.50+/- 0.24 4.72+/- 0.18 0.001
V 5.62+/- 0.14 5.76+/- 0.14 0.005
I-III 2.20+/- 016 2.32+/- 0.12 0.003
III-V 2.00+/- 0.12 2.30+/- 0.20 0.002
I-V 4.14+/- 0.12 4.42+/- 0.20 0.007
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