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BACKGROUNDAND OBJECTIVES: Therelationship
between diabetes and hearing loss has been
debated for many years. Hyperglycemia appears
to have an effect on hearing loss and the proposed
mechanisms are microangiopathy, neuropathy or
a combination of both. The objective of this study
was to evaluate a cross section of hyperglycemic
subjects with age- and sex-matched normoglycemic
controls with pure tone audiometry and compare
the differences. MATERIALS AND METHODS:
Forty-one type 2 diabetes mellitus subjects and 41
age- and sex-matched normoglycemic controls were
subjected to a pure tone audiometric assessment
followed by evaluation of their glycemic status and
degree of glycemic control. The resulting data was
statistically analyzed. RESULTS: The auditory
thresholds in hyperglycemic subjects were higher
in all age groups in all the frequencies suggestive
of sensorineural hearing loss. The hyperglycemic
subjects with poor control of their blood sugar levels
(HbA1C > 8%) had elevated auditory thresholds in
all the test frequencies. The fasting blood sugar
level in hyperglycemic subjects showed a trend
towards significant difference at higher frequencies,
the postprandial blood sugar levels showed
significant differences at higher frequencies. There
was no effect of duration of diabetes mellitus on
the hearing thresholds in hyperglycemic subjects.
CONCLUSION: Subjects with hyperglycemia have
a sensorineural hearing loss when evaluated with
a pure tone audiometer in all frequencies than a
normoglycemic control group. The study showed
that post prandial blood sugar levels and HbA1C
levels had a direct bearing on the auditory acuity of
the hyperglycemic subjects.
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Introduction

Hearing loss is a functional disability which affects
a person’s day-to-day activities in subtle ways.
Sensorineural hearing loss involving the inner ear and
its central connections is irreversible. The prevalence
of hearing loss in diabetes has been shown in many
studies! ! to be moderately high, progressive and
bilateral. The predominant mechanism of hearingloss in
diabetes appears to be related to microangiopathy of the
inner ear."” The prevalence of hearing loss in diabetics in
Indian population has not been studied extensively.”!

The present study is undertaken to compare auditory
acuity in normoglycemic and hyperglycemic subjects
to find out the effect of hyperglycemia on auditory
acuity.

Diagnostic audiometry comprises tests that detect
conductive and sensorineural hearing losses. Pure tone
audiometry involves the estimation of the threshold
of hearing for certain standardized stimuli via the air
and bone conduction routes.” An audiometer, being a
fundamental tool in the diagnosis of auditory capacities,
has been employed in this study.

Aim of the study

1.

To assess the degree of auditory acuity in type 2
diabetes mellitus patients using pure tone audiometry
[evaluating the frequency and intensity of hearing
acuity]

To compare pure tone audiometric results between
diabetic type 2 patients [hyperglycemic group] and
a matched control group [normoglycemic group].

Objectives of the study

1.

To record pure tone audiometry in normoglycemic
subjects.

To record pure tone audiometry in hyperglycemic
subjects

To make a comparative study of the auditory acuity
of type 2 diabetics and normoglycemic subjects.
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4. To analyze the effect of age, glycemic status (FBS,
PPBS), glycemic control (HbA1C), duration of type 2
diabetes on auditory acuity.

Materials and Methods

Source of data

The study was conducted in a sample of 82 subjects in
Bangalore. The study was approved by the institutional
ethics committee of Bangalore Medical College and
Rajiv Gandhi University of Health Sciences, Bangalore,
India. They have been divided into two groups of 41
subjects each.

Group 1 comprises of 41 normal, healthy subjects of
either sex selected from the patient attenders in Victoria
hospital belonging to the ages between 35 and 55 years.
Group 2 comprises of 41 type 2 diabetic patients of
either sex selected from the Department of Medicine
Victoria Hospital, belonging to the ages between 35 and
55 years. The sample size was determined after taking
into consideration the methods used in other studies.
Many published studies on the prevalence of hearing
loss in diabetics used a similar sample size between 20
and 45 diabetic subjects.[3671011

Method of collection of data

The study comprising of 41 type 2 diabetics and 41
nondiabetics, matched with respect to age and sex are
selected based on inclusion and exclusion criteria.

Inclusion criteria [group 1]

Forty-one normal healthy subjects of either sex between
35 and 55 years who had given written consent and who
were nonhypertensive were included.

Inclusion criteria [group 2]

Forty-one type 2 diabetic patients between the ages 35
and 55 years who had given written consent and who
were nonhypertensive were included. Both groups were
matched with respect to age and sex.

Exclusion criteria [group 1]

1. Hypertension

2. Diabetes mellitus

3. History of consumption of ototoxic drugs in past
three months.

4. History of ear surgeries performed in the past.

History of ear infections in the past.

6. History of recent infections in the nose, throat or
ear.

7. Patients having a noise induced hearing loss (as
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shown by pure tone audiometry at 4000 Hz.)

Exclusion criteria [group 2]

1. History of consumption of ototoxic drugs in past
three months.

2. History of ear surgeries performed in the past.

History of ear infections in the past.

4. History of recent infections in the nose, throat or
ear.

5. Patients having a noise induced hearing loss (as
shown by pure tone audiometry at 4000 Hz.)

S

Pure tone audiometer
Instrument:
ARPHI [500 MK I] audiometer

Ear phones are used to test hearing by air conduction
and a small vibrator placed over the mastoid is used 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 are characterized by its
frequency, sound pressure level and wave form which
are all controlled.™

Methodology

Protocol

All the subjects included in this study are given a
prepared questionnaire to answer. This questionnaire
was designed to reveal the patients’ assessment of
hearing ability.

An assessment of the hearings status using a pure tone
audiometer [ARPHI 500 MK 1] is done.

Pure tone audiometry

Principle:"

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, 1500, 2000, 4000 6000 and 8000 Hertz.
Bone conduction thresholds and measured for 250,
500, 1000, 1500, 2000, 4000 Hertz. The amount of
intensity that has to be raised above the normal level
is a measure of the degree of hearing impairment at
that frequency. It is charted in form of a graph called
the “audiogram.” The thresholds of bone conduction
are a measure of the cochlear function. The difference
in the thresholds of air and bone conduction (A-B gap)
is a measure of a degree of conductive deafness. The
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audiometer is so calibrated that hearing of a normal
person, both of air and bone conduction is at 0 db and
there is no A-B gap.

Methodology of pure tone audiometry

The method is based on American Society for Speech
and Hearing Association [ASHA] 1978 guidelines for
manual pure tone audiometry (PTA). Masked pure tone
audiometry is done if there is a difference of more than
40 dB 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.

Statistical methods™*!

Student t test (unpaired and two tailed) has been 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 age groups. The effect
size (d) has been used to find the effect of DM on auditory
thresholds (dB).

Statistical software:

The statistical soft ware namely SPSS 11.0 and Systat
8.0 were used for the analysis of the data and Microsoft
Word and Microsoft Excel have been used to generate
graphs, tables, etc.

Results

Tables 1 and 2 show the age and sex distribution of the
control group and the diabetics.

Differences in the fasting blood sugar and post-prandial
blood sugar level between the cases and controls were
statistically significant at 1% as seen in Table 3.

As shown in Table 4, there was a significant difference
in the auditory thresholds at all frequencies from 250
Hz to 8000 Hz between type 2 diabetic subjects and
control group and all the hyperglycemic subjects showed
sensorineural hearing loss changes on audiogram. The
effect size was large to very large. The controls, all had
normal hearing thresholds, whereas the cases showed
a gradual increase in hearing loss starting at 250 Hz
and becoming pronounced as the frequency increased.
This difference is highly statistically significant at 1%
confidence interval.

Table 1: Age distribution of the control group and the diabetics

Age in years Controls Cases
35-40 (19?51) (19{.351)
41-45 (19?51) (192.351)
46-50 g 9?51 ) 0 9?51 )
51-55 (411 .16) (411 .16)
Total 41 41

Table 2: Sex distribution of the control group and the diabetics

Sex Controls Cases
16 16

Malo (39.02) (39.02)
Female 25 25

(60.98) (60.98)
Total 41 41

Table 3: Blood glucose levels in cases and controls

Sugar Parameters Controls Cases Significance
(Mean £ SD) (Mean £ SD)

FBG 80.00£9.29 164.93 +64.51 8.344**

PPBG 109.29 £8.82 250.68 £ 92.02 9.794**

+Near significant, *Significant at 5%, **Significant at 1%

Table 4: Effect of diabetes mellitus on auditory thresholds in dB

Frequency in Hz

Auditory Thresholds in dB (Mean + SD): normal threshold is less than or equal to 25 db [WHO]  Effect size (d)

Control Cases df Significance by student t

(n=41) (n=41)
At 250 2159+ 3.48 29.33+8.27 53.73 5.5625** 1.21
At 500 21.77 +3.37 31.83+6.85 58.26 8.444* 1.85
At 1000 20.49+3.76 29.21+8.88 53.88 5.789** 1.27
At 1500 19.27 £ 4.65 26.59 + 8.32 62.76 4.913* 1.08
At 2000 19.63 + 3.64 29.82 +8.78 53.52 6.886** 1.50
At 3000 19.21+4.62 27.59 + 8.65 61.13 5.468** 1.20
At 4000 20.85+4.62 34.21£9.96 52.90 7.951** 1.70
At 6000 20.37 £ 3.69 36.46 + 10.98 48.92 8.897** 1.95
At 8000 20.12+3.75 35.24 +12.39 47.25 7.476** 1.64

+Near significant, *Significant at 5%, **Significant at 1%
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Table 5: Auditory thresholds (Db) in age-wise subgroups of diabetics

Frequency Group Auditory Thresholds in dB (Mean + SD) Significance
(Hz) 35-40 years 41-45 years 46-50 years 51-55 years ANOVA
250 Control 18.75+4 .43 21.88+2.22 20.63 +4.58 2324 +1.71 0.015*
Case 23.21+6.07 26.56 £7.19 31.25+6.94 30.88 £7.44 0.073+
500 Control 19.38 +3.47 20.31+2.48 21.56 +4.22 23.68+2.18 0.007**
Case 27.55+7.32 29.38 + 6.38 35.63£6.65 33.24 £5.91 0.053+
1000 Control 183.43+£4.21 19.69 +3.88 20.00 +5.17 22.06 +2.02 0.115
Case 26.25 + 11.41 25.93+7.89 32.19 £9.01 30.74£7.79 0.347
1500 Control 15.94 + 4.81 17.19 £5.08 19.38+5.13 21.76 £ 2.62 0.009**
Case 21.87+7.76 25.63 +9.61 28.44+8.65 28.38+7.55 0.284
2000 Control 18.13+5.13 17.81+2.48 19.69 + 3.88 21.17 £ 2.67 0.088+
Case 25.94 +9.06 27.19+9.58 30.31+8.28 32.65+8.07 0.256
3000 Control 15.62 + 3.47 16.88 + 5.47 19.69 + 3.64 21.17 £ 3.62 0.004**
Case 23.13 + 10.06 26.87 £ 9.33 29.06+6.80 29.32+8.36 0.388
4000 Control 19.69 + 5.58 19.06 + 3.99 20.63 +4.58 22.35+2.57 0.208
Case 31.87 £ 13.01 33.13+£8.43 34.69+£10.13 35.59 £ 9.62 0.842
6000 Control 18.44 + 3.99 20.31+4.89 19.06+3.76 21.91+2.26 0.099+
Case 31.25+12.88 37.50 +10.77 39.06 £ 11.25 37.21+£10.23 0.509
Control 17.50 + 4.63 20.00 +4.82 18.75+2.99 22.06 + 1.82 0.017*
8000 Case 30.31 £15.37 39.06 + 12.24 38.13+12.16 34.41+11.23 0.484

+Near Significant, *Significant at 5%, **Significant at 1%

As shown in Table 5, there was no statistically significant
difference in auditory thresholds among type 2 diabetic
patients and control group when analyzed according
to their age groups, yet all type 2 diabetic patients’
auditory thresholds were higher than the control groups’
thresholds.

As shown in Table 6, from a frequency of 250 Hz to 8000
Hz, there was a significant difference between diabetic
type 2 patients with good control of their blood sugars
[HbAlc values between 6% and 8%)] versus type 2
diabetic patients with poor control [HbAlc values greater
than 8%]. The number of patients in the good control

Table 6: Auditory thresholds (db) in HbA1C-wise subgroups of
diabetics

group was 20 and in the poor control group was 21. The
significance levels are at 1%.

Table 7 shows that there was no significant difference
in the hearing thresholds between patients with short
duration of type 2 diabetes [less than 10 years] versus
long duration [greater than 10 years].

Table 8 shows that there is a trend towards a difference
which is noted at higher frequencies (6000 Hz and 8000
Hz) when the effect of fasting blood sugar levels on
auditory thresholds is considered.

Table 7: Auditory thresholds (db) in duration-wise subgroups of
diabetics

Frequency Auditory Thresholds (dB) P value by
(Hz) (Mean = SD) student t

HbA1c HbA1c

Good Control Poor Control

6%-8 % >8 %

(n=20) (n=21)
250 25.75+5.91 31.62+7.18 0.010**
500 29.50 +4.97 3444 +7.55 0.021**
1000 26.13+6.31 32.78 +9.69 0.016**
1500 23.38+5.27 30.00£9.19 0.009**
2000 26.38+7.28 33.78 £ 8.41 0.006**
3000 23.88 £ 6.76 32.42+£7.89 0.001**
4000 30.63 +8.91 39.44 +8.93 0.004**
6000 32.25+9.79 42.08 + 10.62 0.005**
8000 29.88 + 11.02 41.94 + 11.59 0.002**

+Near significant, *Significant at 5%, **Significant at 1%

Frequency Auditory thresholds (dB) P value by
(Mean £ SD) student t
Duration of DM Duration of DM
<10 years >10 years
(n=34) (n=7)
250 27.73+7.21 33.57+7.34 0.060+
500 31.10£7.05 35.36 £ 4.66 0.136
1000 28.60 £ 8.90 32.14 +£8.83 0.343
1500 26.25+8.19 28.21+9.43 0.576
2000 29.56 + 8.36 31.07 £ 11.07 0.682
3000 27.31+8.42 28.93 +10.29 0.658
4000 33.97+£9.28 35.36 + 13.65 0.742
6000 35.36 £ 10.32 40.36 + 14.03 0.309
8000 34.71+£11.99 37.86 + 14.96 0.547

+Near significant, *Significant at 5%, **Significant at 1%
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Table 8: Auditory thresholds (db) in FBS-wise subdivisions of diabetics

Frequency Auditory thresholds in dB (Mean + SD) in different FBS levels Significance
(Hz) 50-100 mg/dl 101-150 mg/dl 151-200 mg/dl >200 mg/dl ANOVA
(n=5) (n=15) (n=10) (n=11)
250 29.00+5.76 26.83 + 8.58 29.72+7.12 30.45+7.23 0.651
500 29.00 +3.79 30.67 £ 6.91 32.50 + 8.82 34.09+5.73 0.475
1000 29.00 + 8.22 26.33+8.65 31.00 + 10.68 31.59 +7.69 0.441
1500 27.00 £ 4.81 23.50+7.12 29.25 + 10.54 28.18 £ 8.52 0.329
2000 31.00 £ 6.02 25.66 +7.76 32.75+8.37 32.77 £ 10.09 0.138
3000 26.00 +2.82 23.83+9.72 30.10 £ 8.22 3114 £ 7.77 0.125
4000 32.50+7.29 30.17 £ 9.84 38.00 £ 9.92 37.04 £ 10.11 0.175
6000 32.00 £ 9.46 31.83+10.06 39.25+8.97 42.27 £ 11.96 0.059+
8000 33.00 £ 11.51 29.50 + 11.73 39.25 + 11.55 40.45 £ 12.29 0.090+
+Near significant, *Significant at 5%, **Significant at 1%
Table 9: Auditory thresholds (db) in PPBS-wise subdivisions of diabetics
Frequency Auditory thresholds in dB (Mean + SD) in different PPBS levels Significance
(Hz) 110-200 mg/dl 201-300 mg/dl 301-400 mg/dl >400 mg/d| ANOVA
(n=15) (n=14) (n=8) (n=4)
250 26.00 + 6.93 30.36 + 7.81 28.21+6.07 34.37+8.26 0.175
500 29.50 + 5.61 32.66 +7.68 32.81+7.49 35.63+6.25 0.351
1000 26.00+7.12 30.00 + 10.05 31.25+8.35 34.38 + 10.68 0.285
1500 23.00+5.84 28.75+9.54 27.19+7.84 31.25+ 10.51 0.169
2000 25.83 + 6.66 31.96 +8.73 30.63 +9.04 35.63 + 11.96 0.118
3000 22.83 +6.81 29.89 + 8.94 28.13+8.10 36.25 £ 6.61 0.017*
4000 30.17 £9.75 35.89+9.18 33.75+£9.75 44.38 + 8.75 0.014*
6000 30.83+10.34 38.75 £ 8.86 35.93 + 10.60 50.63 £ 7.47 0.006**
8000 28.67 + 12.20 38.39 + 10.59 35.63 + 11.39 48.13 £ 8.98 0.018*

+Near significant, *Significant at 5%, **Significant at 1%

Table 9 shows that there is a 5% significant difference at
3000, 4000, and 8000 Hz and a 1% significant difference
at 6000 Hz when the effect of post prandial blood sugar
levels on the auditory thresholds is considered.

Discussion

The relationship between diabetes mellitus and hearing
loss is controversial, primarily because the pathogenic
mechanism remains obscure. This is a case control
study investigating this relationship using pure tone
audiometer.

Diabetes has been shown to affect hearing loss by many
studies. 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 disruption of endolymphatic
potential.

This study demonstrates a significant hearing loss in
diabetes in all the frequencies tested. This could be
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explained by microangiopathy of the vessels to the inner
ear as proposed by Wackym.["!

The effect of age on auditory thresholds in diabetic
subjects was found to be clinically and statistically
insignificant. Kakarlapudi® and Dalton® both showed
similar findings in their study, but Taylor and Irwin®
found a correlation between hearing levels and age of
the subjects in the diabetic group and concluded that
any hearing loss due to diabetes will be additional to
that due to age alone. Similar conclusions were drawn
by Axelson.P!

Lack of glycemic control shows a positive correlation
with extent of hearing loss when compared to those
diabetics with good glycemic control. This is noted in all
the frequencies tested. Both Kurien!”! and Lasisi® show
similar findings. A possible mechanism to explain this
observation could be the cumulative effects of advanced
glycation end products on the inner ear. High post-
prandial blood sugar levels cause a significant alteration
in high frequency hearing thresholds in diabetics.
Damage to outer hair cells by sustained hyperglycemia
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has been noted in animal studies.*’”**! Currently, outer
hair cell function in diabetes is an area of intense
research activity.

The present study supports the hypothesis that duration
of diabetes does not alter hearing thresholds.*578! It is
now being understood that the degree of hypergylcemia
and the duration of uncontrolled hyperglycemia is more
important than the duration of the disease itself.

Screening of all patients with diabetes for hearing
loss in a longitudinal study may provide a clearer
understanding of the relationship between diabetes and
hearing loss. It is the intention of the author to continue
with such a study and evaluate the function of outer hair
cells in a well selected diabetic population in India.

Conclusions

In this study, the auditory acuity of hyperglycemic and

normoglycemic subjects were studied. The variables

influencing the auditory acuity were statistically
analyzed which revealed the following;:

1. Diabetes mellitus type 2 raises auditory threshold
in all frequencies between 250 Hz and 8000 Hz in
all age groups in this study.

2. Patients with poor control [HbAlc greater than
8%)] of their glycemic status have raised auditory
thresholds.

3. The duration of diabetes does not affect auditory
thresholds significantly in this study.

4. There was no association between the diabetic
age-wise subgroups and their corresponding
auditory thresholds. But in the age-wise subgroups
in controls, there was an association between the
subgroups and auditory thresholds. But the auditory
thresholds were still within the normal limits.

These results which show the effect of hyperglycemia
on auditory acuity may be explained by diabetic
microangiopathy of the inner ear.

Summary

The relationship between diabetes and hearing loss
is controversial. The present study was undertaken
to better understand the disease and its influence on
hearing acuity. The study involved determination of the
auditory thresholds in two groups of subjects namely,
hyperglycemic and normoglycemic subjects. The hearing
thresholds were evaluated in both the groups using a
pure tone audiometer (ARPHI 500 MK 1). The glycemic
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status (FBS, PPBS) and the degree of the glycemic
control (HbA1C) of the hyperglycemic subjects were
also assessed. The results obtained were then subjected
to statistical treatment.

The results showed that the hyperglycemic subjects were
significantly hearing impaired than the normoglycemic
group. This hearing impairment was noted in all the
frequencies tested. The glycemic status and the degree
of glycemic control played a significant role in reducing
the auditory acuity of the hyperglycemic subjects, while
the duration of hyperglycemia and the age of the subjects
did not influence the hearing acuity.

Acknowledgements

I would like to thank Mrs. Nagapoornima, Audiologist, St,
John’s Medical College, Bangalore, who first trained me in
Audiometry techniques. I would like to thank ICMR (Indian
Council for Medical Research) for all the help they have
rendered to me in assessing the ambient sound levels in
order to perform Audiometry. In addition, I would like to
thank Dr. Geetha H., Professor, Department of Biochemistry,
Bangalore Medical College and Mr. K. P. Suresh, scientist
(Statistics) NIANP (National Institute for Animal Nutrition
and Physiology, Bangalore) for the biochemical analysis and
statistical analysis, respectively, during my work.

References

1. Friedman SA, Schulman RH, Weiss S. Hearing and diabetic
neuropathy. Arch Intern Med 1975;135:573-6.

2. LasisiOA, Nwaorgu OG, Bella AF. Cochleovestibular complications
of diabetes mellitus in Ibedan, Nigeria. Int Congr Series
2003;1240:1325-8.

3. Taylor IG, Irwin J. Some audiological aspects of diabetes mellitus.
J Laryngol Otol 1978;92:99-113.

4. Kakarlapudi V, Sawyer R, Staecker H. The effect of diabetes on
sensorineural hearing loss. Otol Neurotol 2003,24:382-6.

5. Axelson A, Fagerberg SE. Auditory functions in diabetics. Acta
Otolaryngol 1968;66:49-63.

6. Carmen RE, Svihovec D, Gocka EF, Ermshar CB, Gay GC, Vanore
JE, et al. Audiometric configuration as a reflection of diabetes. Am
J Otol 1988;9:327-33.

7. Kurien M, Thomas K, Bhanu TS. Hearing thresholds in patients
with diabetes mellitus. ] Laryngol Otol 1989;103:164-8.

8. Dalton SD, Cruickshanks KJ, Klein R, Klein BE, Wiley TL.
Association of NIDDM and hearing loss. Diabetes Care
1998;21:1540-4.

9. Wilson WR, Laird N, Moo-Young G, Soeldner ]S, Kavesh DA,
MacMeel JW. The relationship of idiopathic sudden hearing loss
to diabetes mellitus. Laryngoscope 1982;92:155-60.

10. Zelenka ], Kozak P. Disorders in blood supply of the inner
ear as early symptom of diabetic angiopathy. ] Laryngol Otol
1965;79:314-9.

11. Salvenelli F, Miele A, Casale M, Greco F, D’ Ascanio L, Firrisi L, et al.
Hearing thresholds in patients with diabetes. Int ] Otorhinolaryngol
2004;3:Available from: http://www .ispub.com

Int J Diab Dev Ctries | October-December 2008 | Volume 28 | Issue 4 119



[Downloaded free from http://www.ijddc.com on Saturday, October 09, 2010, IP: 59.183.130.238]

Panchu: Auditory acuity in diabetes

12.

13.

14.

15.

16.

17.

120

Sanders JW, Katz]. Silverman’s text book of audiometry. Williams
and Wilkins 1982. p. 10- 65.

Kerr AG, Stephans D. Scott-Brown’s Otolaryngology: Adult
Audiology. Volume 2. 6th ed. Butterworth Heinemann; 1997. p.
2/1/6-9.

Bernard R. Fundamentals of biostatistics. 5th ed. Duxbury, 2000.
Reddy VM. Statistics for mental health care research. NIMHANS
Publication.

Wackym PA, Linthicum FH Jr. Diabetes mellitus and hearing
loss: Clinical and histopathological relationships. Am ] Otol
1986,7:176-82.

Triana R]J, Suits GW, Garrison S, Prazma ], Brechtelsbauer B,

Int J Diab Dev Ctries | October-December 2008 | Volume 28 | Issue 4

18.

19.

Michaelis OE, et al. Inner ear damage secondary to diabetes
mellitus. Arch Otolaryngol Head Neck Surg 1991;117:635-40.
Suckfull M, Winkler G, Trein E, Raab S, Schorl K, Mees K. Changes
in serum osmolarity influence the function of outer hair cells. Acta
Otolaryngol 1999;119:316-21.

Raynor E, Robison WG, Garrett CG, Mcguirt WT, Pillsbury HC,
Prazma J. Consumption of a high galactose diet induces diabetic
like changes in the inner ear. Otolaryngol Head Neck Surg
1995;113:748-54.

Source of Support: Nil, Conflict of Interest: None declared.




