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ABSTRACT

BACKGROUND
Despite the evidence that the incidence of hearing impairment is higher in type 2 diabetes subjects, very little is known about the
nature and characteristics of this disability and the specific mechanisms leading to the hearing problems in diabetic adults.

MATERIALS AND METHODS

40 patients with Type 2 Diabetes Mellitus were included in the study and grouped as patients aged 35 to 58 years (A) and aged
above 58 years (B); 40 patients were taken as control group with similar age grouping; 35 to 58 years (C) above 58 years (D). Pure
Tone Audiometry (PTA) test was conducted according to the ASHA guidelines. Objective hearing evaluation was done by BERA
(Brainstem Evoked Response Audiometry).

RESULTS

Higher degree of Hearing Loss (HL) was observed in DM patients in all frequencies from 500 HZ to 10 KHZ in comparison to non-
DM patients and it was statistically significant. Slower rate peaks occurred at ], Il and V waves in elderly DM patients when compared
to the elderly control group. (Peak I and V (p <0.001)). Similarly, in the middle-aged group peaks|, Il and V occurred at a significantly
slower rate in the DM group when compared to the non-DM group (p <0.001). Interpeak latencies at 21.1 rate for peak III-V and peak
I-V were consistently longer among the diabetics groups of two age groups when compared to the control group (p <0.001). Similar
results were obtained at 63.3 rates in the elderly and middle-aged group.

CONCLUSION

In the earlier course of Type 2 Diabetes, though the person may be asymptomatic degenerative changes may begin to appear in
the central auditory pathway and result in significant HL, which could be detected with early investigation to elicit of Brain Stem
evoked potentials.
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INTRODUCTION

Insufficient secretion of insulin combined with the defective
uptake of secreted insulin is the hallmark of type 2 diabetes
mellitus.! The most common risk factor of type Il diabetes is
sedentary behaviour, consumption of high calorie food,
genetic predisposition and obesity.2 Recent evidence suggests
that there are over 62 million people with type II diabetes in
India and this number is set to escalate rapidly.3 Although,
diabetes leads to considerable morbidity, it is the long term
complications of diabetes like retinopathy, nephropathy,
neuropathy, cardiovascular disease, peripheral vascular
disease and cerebrovascular disease that cause mortality in
diabetes patients.4 In the recent decades, hearing impairment
has been increasingly recognized as one of the complications
of diabetes, particularly in aged people. Over two-thirds of
diabetic adults have been known to be affected by hearing
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impairment and compared to the non-diabetic population and
the degree of hearing impairment is about two-fold higher in
diabetic individuals.5 Despite the evidence that the incidence
of hearing impairment is higher in type 2 diabetes subjects,
very little is known about the nature and characteristics of this
disability and the specific mechanisms leading to hearing
problems in diabetic adults. Studies conducted on the general
Caucasian population have shown that cardiovascular disease
and its associated risk factors like smoking are associated with
hearing loss.6 Moreover, some reports on European
populations have shown that there is a correlation between
audiometric hearing thresholds, worsening glycaemic control
and diabetic complications.

In India, a study done by Misra et al (2013) has established
that in subjects in early stages of type 2 diabetes with no
symptoms of hearing loss there was a mild bilateral,
symmetrical, sensorineural hearing loss in 32.65% of subjects
showing that diabetes-induced hypoacusis manifests early.
Further follow-up of these patients demonstrated that the
hearing loss was irreversible in these patients.” Another
report by Baweja et al (2013) done on a sample of type 2
diabetic females showed that a defect in the central auditory
pathway is evident in the early stages. A correlation between
the duration of diabetes and the extent of hearing loss has been
documented by a recent.8 study.
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Till now, there are no studies conducted on the Indian
population to show the effect of Diabetes on hearing sensitivity
comparing the middle-aged and elderly population.
Elucidation of the pattern of hearing thresholds across the
frequencies and BERA Absolute Latencies and Interpeak
Latencies could provide an indication of the mechanism
underlying it and thereby be useful in designing clinical
rehabilitation strategies and in selection of suitable hearing
aids. In the context of this research lacunae and the
accumulating evidence on the incidence of hearing loss in type
2 diabetes, the aims of the study were formulated as follows:
1. To obtain the threshold for detection of Hearing Levels in

persons with Diabetes across Seven frequencies.

2. To obtain the Absolute Latency and Interpeak Latencies
with 21.1 clicks/sec and 63.3 clicks/sec rate at the
particular intensity based upon the Pure Tone Threshold.

3. To compare and correlate the Absolute Latencies and
Interpeak Latencies between the Diabetics and Non-
Diabetics of Middle-aged and Elderly Population.

MATERIALS AND METHODS

Subject Selection

40 patients (Group A and B) with Type Il DM attending the
Department of Medicine of Rajiv Gandhi Institute of Medical
Sciences, Kadapa, Andhra Pradesh, were included in the study
with the co-operation of the Department of Medicine, to elicit
Brain stem evoked potentials and analyse them to detect early
HL. The study was conducted in the Department of ENT of the
same institute during the period of January 2009 and July
2011; 40 subjects (Group C and D) were taken as control
group; 40 patients each of these two groups are further
subdivided into 20 patients each group depending on their
ages as 35 to 58 years and above 58 years.

TEST GROUPS
Group A: 20 patients of 35-58 yrs. age with DM, Group B: 20
patients aged above 58 yrs. with DM.

CONTROL GROUPS
Group C: 20 subjects aged 35 to 58 yrs. without DM, Group D:
20 subjects of above 58 yrs. age without DM.

Inclusion Criteria

Patients diagnosed with Diabetes Mellitus and on treatment
(Insulin or oral hypoglycaemic agents) for 5 years or above
and/or fulfilment of criteria laid down by the WHO
Consultation Group Report, i.e. a fasting venous blood glucose
2126 mg/dL and/or a 2 hrs. post glucose value 2200 mg/dL.
Approval of the Institutional Ethics Committee of the RIMS,
Kadapa A. P was obtained for the study and written informed
consent was obtained from all study subjects.

Exclusion Criteria

Patients with history of hypertension, patients giving family
history of loss of hearing. For control subjects, the inclusion
criteria were no history of hypertension and no family history
of hearing loss. Subjects with past history of middle ear
pathology and other ear pathologies were excluded. Medical
examination: Detailed medical history of the patient was
obtained and complete ENT check-up was done through
otoscopic examination, visual inspection of the pinna and ear
canal, tuning fork tests and audiometry so that wax
accumulation, ear discharge, foreign bodies, collapsed ear
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canal condition, peripheral hearing loss could be ruled out.
Hearing sensitivity was measured for all 80 subjects with
ELKON 3N3 multi-audiometer in a sound treated room. Middle
ear pathologies were investigated by performing Immittance
Audiometry. There was no middle ear pathology and past
history of pathologies in all subjects. Pure Tone Audiometry:
This test was conducted according to the ASHA (American
Speech-Language-Hearing Association) guidelines.® In this
study, the frequencies used in PTA were extended till 12000
Hz. The threshold of hearing is measured by air and bone
conduction methods. Pure tones are produced by the
electronic audiometer and the intensity of the tones could be
elevated or decreased in steps of 5 dB. The quantity of
intensity that needs to be raised beyond the normal level
provides a measure of the magnitude of hearing impairmentat
that particular frequency.

The results are charted in graph format called as
audiogram. Brainstem evoked response Audiometry:
Objective hearing evaluation was done by BERA (Brainstem
evoked response Audiometry). BERA is an electro-
physiological test procedure, which studies the electrical
potential generated at the various levels of the auditory
system starting from cochlea to cortex. The filter setting was
from 100-3000 Hz. The click rate was set to 21.1 rate, i.e. 21.1
clicks were presented per second which is normal setting for
adult population. The total number of clicks presented was
2000. The waves with peaks were elicited and saved with this
rate at an intensity level with PTA+50 dB HL. Later the click
rate was increased to 63.3 rate, i.e. 63.3 clicks were sent per
second which is 3 times more compared to normal settings.
The total number of clicks presented were 2000. The waves
with peaks were elicited and saved with this rate at an
intensity level of PTA+50 dB HL. The peak identification was
done and located. The latency and interpeak latencies were
noted.

Statistical Analysis

All statistical analyses were performed using SPSS version
15.0 for Windows (SPSS, Inc., Chicago, IL). Data are expressed
as mean @ SD as data were normally distributed. Student ‘T’
test (two tailed, independent) was used to compare groups for
continuous variables trend, chi square test was used to
compare proportions among groups. A p value <0.05 was
considered statistically significant.

OBSERVATIONS

Pure Tone Audiometry (PTA) thresholds and BERA intensities
in the diabetic and non-diabetic individuals in the middle-aged
and elderly group recorded in the Department of ENT. Among
the elderly subjects, pure tone averages ranged from 21+4.47
to 98.24+3.03 in the non-diabetic subjects and 22.5+3.03 to
99.71+1.21 in the diabetic subjects. Diabetics in general
showed a higher degree of hearing loss at all frequencies.
However, at 500 Hz (p=0.047), 1 KHz (p=0.022), 2 KHz
(p=0.007), 4 KHz (p=0.030) and 8 KHz (p=0.045), the
difference in PTA thresholds between diabetic and non-
diabetic subjects was statistically significant. Among the
middle-aged population, pure tone averages ranged from
14.00+3.47 to 41.00+6.60 in the non-diabetic subjects and
15.25+3.79 to 52.00+7.84 in the diabetic subjects. Diabetics in
general showed a higher degree of hearing loss at all
frequencies. However, at 500 Hz (p=0.013), 1 KHz (p <0.001),
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2 KHz (p <0.001), 4 KHz (p <0.001), 8 KHz (p<0.001) and 10
KHz (p <0.001) the difference in PTA thresholds between
diabetic and non-diabetic subjects was statistically significant
(Figure I). In both the elderly and the middle-aged group,
diabetic subjects showed significantly higher BERA intensities
compared to the non-diabetic subjects (p<0.008 in elderly
group and p <0.001 in the middle-aged group). Comparison of
BERA latencies at 21.1 rates in diabetic and non-diabetic
elderly and middle-aged group showed in the elderly group
peak [, IIl and V occurred at a slower rate in the diabetic
subjects compared to the non-diabetic subjects. However,
Peak I (non-diabetic vs diabetic: 1.31+0.03 vs 1.39+0.03;
p<0.001) and peak V (5.84+0.11 vs 6.22+0.13; p <0.001)
occurred at a significantly slower rate. In the middle-aged
group, peak I (1.14+0.04 vs 1.32+0.04; p<0.001), peak III
(3.434£0.18 vs 3.90£0.11; p <0.001) and peak V (5.65+0.10 vs
6.01£0.13; p <0.001) occurred at a significantly slower rate in
the diabetic subjects compared to the non-diabetic subjects
(Figure 1).
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Fig. 1: Comparison of BERA Latencies at 21.1
Rate in Diabetic and Non-Diabetic
Elderly and Middle-Aged Group

Comparison of BERA latencies at 63.3 rates in diabetic and
non-diabetic elderly and middle-aged group. In the elderly
group peak |, Ill and V occurred at a slower rate in the diabetic
subjects compared to the non-diabetic subjects. However,
peak I (non-diabetic vs diabetic: 1.63+0.07 vs 1.75+0.05;
p<0.001), peakIII (5.28+0.08 vs 5.80+0.06; p <0.001) and peak
V (6.96£0.10 vs 7.16+0.13; p <0.001) occurred at a
significantly slower rate. In the middle-aged group peak I
(1.33+0.04 vs 1.69+0.02; p <0.001), peak III (4.42+0.08 vs
5.23+0.08; p <0.001) and peak V (5.92+0.07 vs 6.65+0.09;
p<0.001) occurred at a significantly slower rate in the diabetic
subjects compared to the non-diabetic subjects (Figure 2).
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Fig. 2: Comparison of BERA Latencies at 63.3
Rate in Diabetic and Non-Diabetic Elderly
and Middle-Aged Group

Comparison of interpeak latencies at 21.1 rate in diabetic
and non-diabetic elderly and middle-aged group. In the elderly
group for peak I1I-V (1.86£0.17 vs 2.19+0.17; p <0.001) and
peak [V (4.52+0.13 vs 4.81+0.14; p <0.001), interpeak
latencies were significantly longer compared to the non-
diabetic subjects. In the middle-aged group, the interpeak
latencies were consistently longer among the diabetics and
these differences were significant for the peaks I-11I (2.29+0.19
vs 2.59%£0.19; p <0.001), the peaks III-V (2.21x0.17 vs
2.11#0.17; p = 0.05) and peaks I-V (4.51+0.11 vs 4.69+0.13;
p<0.001), (Figure 3).

B
Elderly Middle aged
% peoo, pas
: = =
& 44
%
H
B pe0.403, o
E 520,000 pe0 50
5 2
@
B
o
E
Peakl Peakll PeakV Peak| Peaklll PeakV
O Hon-Diabetic
B Diabetic

Fig. 3: Comparison of Interpeak Latencies at 21.1
Rate in Diabetic and Non-Diabetic Elderly
and Middle-Aged Group
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Comparison of interpeak latencies at 63.3 rate in diabetic
and non-diabetic elderly and middle-aged group. In the elderly
group for peak I-1II (3.65+0.05 vs 4.05+0.06; p <0.001), peak
II-V (1.68+£0.09 vs 1.36+0.13; p <0.001) and peak I-V
(5.33+£0.08 vs 5.41+0.11; p=0.013), interpeak latencies were
significantly longer compared to the non-diabetic subjects. In
the middle-aged group, the interpeak latencies were
consistently longer among the diabetics and these differences
were significant for the peaks I-1II (3.09£0.07 vs 3.54+0.07;
p<0.001), the peaks I11-V (1.49+0.12 vs 1.42+0.13; p=0.05) and
peaks I-V (4.59+0.08 vs 4.95+0.12; p <0.001), (Figure 4).
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Fig. 4: Comparison of Interpeak Latencies at 63.3
Rate in Diabetic and Non-Diabetic Elderly
and Middle-Aged Group

DISCUSSION

The study makes the following important observations: When
the pure tone averages were computed for the diabetics and
non-diabetics, it was observed that the diabetic subjects
consistently required higher intensities of sound for threshold
detection. Particularly, the elderly diabetics needed higher
intensities compared to the middle-aged diabetics. In objective
hearing evaluation, the threshold for hearing was significantly
higher in the diabetic patients when compared to the non-
diabetic patients, particularly at higher frequencies. When
age-wise comparisons were done, these differences were
more pronounced in the middle-aged group compared to the
elderly group. The effect of diabetes mellitus on hearing
sensitivity and latencies of BERA waves and absolute latencies
for slow and fast rates in the middle-aged population and
geriatric population were compared.

These parameters were also compared for click rates of
21.1/sec and 63.3/sec. The results indicated that latencies of
all the peaks tended to occur ina delayed manner in the elderly
group compared to the middle-aged group. Interpeak latencies
in diabetic subjects were longer when compared to non-
diabetics showing predominantly significant differences in
both elderly and the middle-aged group. However, these
Interpeak Latencies were more prolonged in elderly group and
this trend was observed both in cases of 21.1 and 63.3 click
rates. For the faster click rate (63.3), both the Absolute
Latencies and Interpeak Latencies were longer compared to
the slower click rates (21.1).

This may indicate that in the older Diabetic group, the
transmission in auditory pathway becomes less efficient for
higher click rates compared to the Middle-Aged study sample.
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Our results are in agreement with the report by Frisnia et al
(2006), who observed that the diabetic subjects required
higher sound intensities for detection of threshold.10 However,
our results deviate slightly from the reports of Baweja et al®8
conducted on an Indian population. These variations could be
attributed to the differences in age and sex distribution of the
study samples used in each of these studies. Though the exact
mechanisms underlying the auditory pathway defects in
diabetes are not elucidated, it is possible that the requirement
of high energy and glucose for the complex processing of
signals might play a role.

This might also suggest that the cochlea of the ear could be
a target organ for the damaging effects of hyperglycaemia.ll
Increased exposure to glucose even for small periods of time
has been shown to initiate a cascade of metabolic reactions
that lead to physiologic and anatomical damage to the
cochlea.12 In the earlier course of type 2 diabetes, though the
person may be asymptomatic degenerative changes may begin
to appear in the central auditory pathway.13 These delicate
alterations in the neurodegenerative pathway could be
detected in a non-invasive manner with robust accuracy
during the early stages of the disease using brainstem auditory
evoked potentials.14 Considering the variations in lifestyle
factors, socioeconomic status and dietary patterns carrying
out such studies on a wider scale should be done in future.
Furthermore, the pattern of abnormalities in brainstem
auditory evoked potentials should be standardized in diabetes
mellitus. Considering the escalating incidence rates of diabetes
mellitus and the deleterious effects of Diabetes on the hearing
sensitivity, it could be concluded that testing the brain evoked
auditory potential might be included in the usual list of regular
screening  procedures  like fundus examination,
microalbuminuria assessment.15

CONCLUSIONS

This is the clinical significance of the study. One of the
limitations of the study is the small sample size, which could
have biased the study results. But the strength of the study is
that this study is the first of its kind comparing middle-aged
and elderly diabetic patients without any previous history of
hearing impairment. In conclusion the present study shows
that in aged diabetic subjects, deleterious ear outcomes could
result and this shows that more research is required on the
effect of hyperglycaemia on sensory organs. Review of
literature shows that here is an association between Hearing
losses with Type I DM, but this paper attempts to quantify the
losses in such patients, especially belonging to middle and
elderly age groups and supports the fact that DM causes SNHL.
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