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Introduction
Currently diabetes is one of the biggest health concerns which the 
world is faced with, according to the World Health Organization 
(WHO)1,2. WHO defines diabetes as “a chronic disease that occurs 
either when the pancreas does not produce enough insulin or when 
the body cannot effectively use the insulin it produces” 3. Approxi-
mately 171 million people worldwide are suffering from diabetes. 
is number is expected to become more than double by 2030 
without intervention. Diabetes is behind every 1 in 20 deaths from all 
causes and approximately four million annual deaths are because of 
complications of diabetes i.e. six deaths every minute or one death 
every 10 seconds. India has been called “the diabetes capital of the 
world,” and it has been estimated that 41 million Indians have the 

1,2disease and “every fifth diabetic in the world is an Indian”. 

Type 2 diabetes mellitus is associated with micro vascular and 
neuropathic  complications affecting the retina, kidney, peripheral 
arteries, and peripheral nerves. e pathologic changes 
accompanying diabetes could cause injury to the vasculature or the 
neural system of the inner ear, resulting in sensorineural hearing 

4impairment.  Mechanisms possibly for diabetes labrynthopathy 
consists of  microangiopathy at the cochlea, neuropathic brainstem 
involvement, metabolic effect hyperglycemia or hypertrigly-
ceridemia, hyperviscosity resulting vascular problems, or a 
combination of above factors. e metabolic disturbances may be 
accompanied by temporary alteration in the intraneural vessel in the 
form of increased vascular permeability.

e typical hearing impairment which is associated with diabetics is 
a bilateral sensorineural hearing loss occurring due to neuropathy. 
Clinically overt neuropathy symptoms  manifests only after several 
years of onset of diabetes, but it can be detected much earlier with the 

5,6help of electrophysiological tests. 

Most of the clinical and diagnostic studies have focused on 
peripheral and autonomic nerves. With the refinement of brainstem 
evoked response audiometry (BERA), patients have abnormal 
auditory nerve and brainstem response to an acoustic stimulus and 
seem to be more prone to develop sensorineural hearing loss.  
Brainstem auditory evoked potentials (BAEP) are recorded from  
patient's ear and vertex following response to brief auditory 
stimulation. 

BEAP is a simple non invasive procedure to detect early impairment 
of acoustic nerve and CNS pathways even in the absence of specific 
symptoms. ey assess the conduction through the auditory 

pathway upto the midbrain. BAEP consists of five or more waves 
occurring within 10 msec of the acoustic stimulus. e working 
hypothesis in most of the BAEP studies has assigned waves I, II, III, IV 
and V to the segment of the auditory nerve closest to the cochlea, 
cochlear nucleus, superior olivary complex, lateral lemniscus and 

7inferior colliculus respectively.

Many studies have evaluated the association of BAEP abnormalities 
8,9and type 2 diabetes mellitus, but these have given variable results . 

ere is also a lack of adequate data on BAEP changes in diabetics  in 
India, mainly as very few studies have been done here. e present 
study was done to compare the BAEP variations  in type 2 diabetes 
mellitus (DM) and normal individuals.

Materials and Methods
Observational analytical study comparing two groups (cases & 
controls) was carried out in Mahatma Gandhi Institute of Medical 
Sciences  located in central India. Cases were all diagnosed patients 
of type2 Diabetes mellitus from 30 to 60 years of age group depending 
upon criteria of HbA1c > 6.5 as per guidelines of American Diabetes 
Association for Diabetes mellitus. Age and Sex matched normal 
healthy subjects with cases like hospital staff and relatives of patients 
accompanying them were selected as controls.  Patient diagnosed to 
have type 2 diabetes mellitus or on diabetic treatment and willing to 
participate in study were included in study. Patients with other 
possible causes of neuropathy like hypothyroidism, alcoholism, liver  
disease & patients having history of ear disease, exposure to 
prolonged loud noise, intake of ototoxic drug, head injury or family 
history of deafness were excluded from study. 

Total 100 study participants were included ( 50 controls and 50 Type 2 
diabetes mellitus patients). Sample size was estimated using  
Abnormal BAEP in normal subjects – 10%; Abnormal BAEP in 
patients of Type2 DM – 40%; Confidence level (α 5%) - 95 % and  
Power of study – 90% Sample size estimated was 44 in each group.

Ethical clearance from college Institutional Ethics Committee was 
obtained . History taking included personal and socio-demographic 
details, occupational history, presenting complaints, past history, 
family history. Interview was followed by thorough clinical 
examination. Complete ENT check up by way of otoscopic 
examination, tuning fork tests to rule out peripheral hearing loss. 
Required investigations were done. HbA1c levels was assessed in the 
clinical biochemistry lab of the hospital.  Confidentiality of the study 
subjects were assured and maintained throughout the study. 
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Brainstem auditory evoked potentials (BAEP) recordings  
e BAEP procedure is safe and noninvasive ; recordings were 

0performed in a quite room at constant room temperature of 30 c . 
Electrode application was according to the International 10/20 
System of Electrode Placement with one channel setting.

Subjects were in a supine position on the examination bed and their 
neck muscles were relaxed by placing pillows under their heads . 
Patient's hairs were oil free for placing electrodes over the head. 
Silver chloride cup electrode were attached on each mastoid 
prominence (A1,A2), at the vertex (Cz , as the reference electrode) 
and on the forehead (G, as a ground electrode). All the electrodes  
were cleaned with spirit before applying over patient's head. en 
recording paste was applied over the electrode and placed over the 
prepared area. A cotton ball was placed over the electrode to prevent 
drying and subsequent loss or shifting of the electrode. e electrode 
impedance were checked and were kept lower than 3000 ohms . . e 
subjects wore earphones and were advised to sleep during the  
investigation. Stimulus  in the form of click was transmitted to the ear 
via a transducer placed in the inserted ear phone. Alternate 
(condensation and rarefaction) clicks were presented monaurally 
through earphones at a repetition rate of 11.1 per second. e 
intensity of the click stimulus was 90 dB , while a white masking noise 
at a level of 60 dB  applied on the contra-lateral  non – stimulating ear, 
in order to ensure reproducibility. Electrical activity were filtered 
with a low filter frequency at 100 Hz & high filter frequency at 3 KHz. 
Analysis time was 10ms with a sweep speed of 1ms/Division, two 
recordings were taken for each ear. e wave forms of impulses 
generated at the level of brainstem were recorded..

Figure –showing Electrode placement in Brainstem auditory 
evoked potential.

Absolute latencies were measured from the stimulus to the positive 
peaks. e absolute latencies of wave I ,II, III , IV and V were measured 
and the inter peak latencies ( IPLs ) between the wave I-III , III-V and I-
V were also measured from peak to peak of two defined waveforms 
and hearing threshold for all subjects were measured. Descriptive  

and inferential statistics were applied . p<0.05 is considered as level of 
significance.

Results 
Table 1: Comparison of anthropometric data and HbA1c levels in 
diabetic and control subjects

n: Number of subjects, NS: Non significant (p > 0.05), S: Significant (p< 
0.05), SD: Standard deviation, M: Male, F: Female .

e baseline parameters like age, height and weight did not show any 
statistical significance between the diabetics and controls (P > 0.05), 
It was obvious that Hb1Ac was statistically highly significant 
difference between both the groups (P < 0.001), the values being 
higher in diabetic. (Table 1)

Table 2 : Comparison of absolute latencies ( in msec) in two groups in 
right and left Ear

BEAP: Brainstem auditory evoked potential, n: Number of subjects, S: 
Significant ( p< 0.05) , SD: Standard deviation .

Furthermore, since the corresponding mean BAEP absolute 
latencies in all wave form  shows statistical significant difference  in 
both diabetic and control subjects  in both ear , it is clear that  mean 
absolute latencies is higher in diabetic patient. (Table2) 

Table 3: Comparison of Inter peak latencies (in msec) in two 
groups in right and left Ear

BEAP: Brainstem auditory evoked potential, n: Number of subjects , 
S: Significant ( p< 0.05) SD: Standard deviation.

Similarly it was seen that all measures of inter peak latencies were 
significantly higher in diabetics. A comparison between the mean 
values of the various absolute wave latencies done separately for 
both, in diabetics and controls. Statistically significant differences 
between the mean absolute latencies of waves I, II, III, IV and mean 
IPL III-V were statistically significant between both the groups (P > 
0.05), with either ear stimulation.

Discussion 
Both central and peripheral nerve damage in diabetes mellitus may 
lead to the microangiopathy of diabetes. Diabetic neuropathies are 
nerve damaging disorders that result from diabetic microvascular 
injury affecting small blood vessels supplying the nerves (vasa 
nervosum). As small precapillaries and capillaries develop thickened 
basement membranes they may interfere with their function in 
diabetes. Accumulation of alcohol sugars sorbitol and fructose is the 
the second major metabolic derangement that may lead to the 
development of diabetic neuropathy. Possibly, an excessive 
accumulation of alcohol sugar in the nerves in similar fashion 

11damage nerve structures.  Diabetic  neuropathy can occur due to a 
deficiency of myoinositol in the nerve . Capillary dysfunction, tissue 

ORIGINAL RESEARCH PAPER

130 X INDIAN JOURNAL OF APPLIED RESEARCH

Volume - 7 | Issue - 2 | February - 2017 | ISSN - 2249-555X | IF : 3.919 | IC Value : 79.96

Variables 
Diabetic Group 

(n =50)
Controls 

Group (n= 50) Significance

Age (years) 
(Mean ±SD)

48.42±7.66 46.86±6.97 P= 0.11 NS

Sex M:F 29:21 32:18 p = 0.57 NS
Height (cms) 
(Mean ±SD)

157.98±5.47 158.84±6.56 P = 0.11 NS

Weight (kgs) 
(Mean ±SD)

62.32±8.24 59.50±6.11 P = 0.24 NS

HbA1c(%) 7.78±1.23 4.91±0.56 P = 0.0001 S

BEAP 
Absolute 
Latencies

Control 
Group 
(n=50) 

Diabetic 
Group 
(n=50)

t-value p-value

Left Ear
Mean±SD

I 1.54±0.15 1.92±0.31 7.48 0.0001,S
II 2.59±0.19 2.94±0.31 6.68 0.0001,S
III 3.62±0.28 3.99±0.30 6.14 0.0001,S
IV 4.88±0.28 5.20±0.30 5.56 0.0001,S
V 5.44±0.23 5.80±0.36 5.89 0.0001,S

Right Ear 
Mean±SD

I 1.56±0.18 2.41±0.37 14.36 0.0001,S
II 2.61±0.15 3.15±0.34 10.14 0.0001,S
III 3.61±0.16 4.28±0.42 10.38 0.0001,S
IV 4.92±0.38 5.39±0.42 5.62 0.0001,S
V 5.40±0.50 6.17±0.41 8.31 0.0001,S

 Control 
Group
(n=50)  

Diabetic 
Group
(n= 50)

t-value
p-value

BEAP Inter peak latencies
Left Ear

Mean±SD
I-III 1.86±0.33 2.06±0.26 3.37 0.0001,S
I-V 3.70±0.25 3.87±0.39 2.69 0.008,S

III-V 1.72±0.19 1.81±0.28 1.94 0.043,S
RightEar 
Mean±SD

I-III 1.89±0.30 2.33±0.30 7.22 0.0001,S
I-V 3.64±0.25 4.13±0.38 7.50 0.0001,S

III-V 1.74±0.15 2.10±0.35 6.39 0.0001,S



hypoxia, oxidative stress, tissue inflammation, aldose reductase 
activity, and glucose clearance from blood are the probable 

12,13mechanism for diabetic neuropathy.  

ere are lots of studies which support the incidence of palsy in the 
third, sixth and seventh cranial nerves in diabetic patients but little 
was known regarding the involvement of  eighth nerve. Function of 

th8  nerve is hearing and equilibrium. Makashima and Tanaka in their 
studies have also observed cochlear atrophy and related 

13  demyelination of the 8th cranial nerve.

Electrophysiological investigations are sensitive in determining 
peripheral and central neuropathy in diabetic patients. Decrease of 
nerve conduction velocity was found in many patients having  
normal clinical examination. A latency delay in evoked potentials is 
found in central demyelinating diseases. Evoked potentials are useful 
as an investigational method in establishing neuropathy developing 

14in the central nervous system.  BAEP study relies on the measure-
ment of latencies of waves which arise after giving a sound higher 
than the hearing threshold15. An auditory stimulus when delivered 
to the ear , it evokes consecutive stimulation of brainstem structures 
like the cochlear nucleus and tracts of the lateral lemniscus and 
inferior colliculus. Consecutive waves on a BAEP pattern from I to V 
reflect the electrical activity of the acoustic nerve, cochlea, superior 

15olives, lateral lemniscus, and inferior colliculus respectively .

Lengthening in the first wave latency indicates that the disorder is 
peripheral (distal to the nucleus), whereas, lengthening in the Vth 
wave latency is specific for brainstem involvement. If the lengthening 
in I-III inter peak latency occurs together with I-V inter peak latency, 
this refers to  upper or lower brainstem pathology. Lengthening in I-
III inter peak latency with normal III-V inter peak latency indicates 

1 5,16that the pathology is in the lower brainstem or pons.

In our study, inter peak latencies of I-V and I-III were most signifi-
cantly longer in diabetic group as compared to control group 
(p<0.05)  this was in accordance to study conducted by Chaudhary 
Shatdal et al found latency and inter peak latency of I-III, III-V, I-V of 
BAEP waveform were prolonged in diabetic patients. Similar findings 
were observed by Arrthy  S et al., 2015, (8)  i.e a prolongation of inter 

4peak latencies of I-III IPL,III-V IPL & I-V IPL in diabetic . According to 
our findings, prolonged inter peak latencies shows that the 
pathology affected both the peripheral and the central nervous 
system structures. Some previous studies indicate similar results, 
and the main affected item is reported to be BAEP inter peak 

18latencies .

Due to the high metabolic demands of the inner ear and the auditory 
pathway making them a target of the disease, even before evidence of 
other micro vascular complications are occured. In patients of 
diabetes mellitus main pathological findings are atrophy of spiral 
ganglion in the cochlea, demyelination and beading of the myelin 

th 19,20sheaths of the VIII  cranial nerve .

Conclusion
BAEP is a most helpful technique for an early diagnosis of central and 
cranial nerve abnormalities in diabetic patients. It is an non-invasive 
technique which provides data that cannot be obtained through 
clinical examination. Patients with type 2 diabetes mellitus had the 
findings of delay absolute latency I, II, III, IV, V and inter peak 
latencies I–III, III–V, I–V when compared to control groups. is 
indicates that there is an abnormality in neural conduction in type 2 
diabetes mellitus .
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