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ABSTRACT
The prevalence of hearing defects in the Indian population is estimated to be about 6%. The risk factors
are age, noise, cardiovascular system disorders, Diabetes mellitus and social factors.
Aims: The aims of the study were to find out the prevalence and type of hearing loss among diabetic
subjects, to establish if there was a relationship between age, duration, severity and complications of
Diabetes to the changes in hearing threshold and to establish if there was a relationship between height,
weight, family history, diet, blood pressure, blood group and blood cholesterol.
Materials and methods: This study included 100 diabetic patients (NIDDM) and 200normal subjects
(controls) in the age group of 30 — 59 years, and the controls were matched for age and sex. A detailed
clinical examination was performed using a diabetic proforma and screened for complications. The
diagnosis was established with the help of tuning fork tests and audiometric analysis. Diabetic patients
were categorized into groups and subgroups and were analyzed for statistical significance.
Results: It was found that diabetics have an increased mean threshold of hearing at higher frequencies
than non-diabetics. The type of hearing loss is typically bilateral and symmetrical, involving higher
frequencies. The complications of the disease, sex, weight, height, family history, diet, blood pressure,
blood group and blood cholesterol had no significant correlation with the type of hearing loss and with
mean average hearing threshold.
Conclusion: A relationship exists between the hearing impairment in diabetic patients and other
aspects of the disease, which include age, duration and control of Diabetes mellitus.
Keywords: Pure tone audiometry, Non-insulin dependent Diabetes mellitus, Hearing loss

INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder
with an incidence of 1-2% which is classified as
non-insulin-dependent diabetes mellitus or insulin-
dependent diabetes mellitus, which corresponds to
the previous labels of adult onset diabetes mellitus
(Type 1) and juvenile onset diabetes mellitus
(Type I).

They are suspected to be two separate entities
from the pathogenesis, with the non-insulin type
probably the result of breakdown of interaction of
regulatory mechanisms, while insulin-dependent
diabetes mellitus may be related to partial
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destruction of B cells in the pancreas and may be
modified by polygenic (suspected to be a specific
HLA antigen) and environmental (thought to be a
viral infection) factors. An autoimmune
component is thought to be responsible for the
destruction of the B cells. Pathologically it
constitutes the triad of neuropathy, retinopathy and
nephropathy.!

Complications from insulin-dependent diabetes are
more commonly microvascular, resulting in small
vessel disease of the kidneys, retina and the skin as
well as neuropathy, and less commonly,
macrovascular.
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Non-insulin-dependent diabetes is more common
in obese and older patients with a strong genetic
predisposition. Fewer microvascular complications
are seen; there is a higher risk of large vessel
atherosclerosis, coronary disease and peripheral
vascular disease.?

The literature exhibits many contradictions
concerning the correlation between hearing
impairment and diabetic manifestations. It is
evident that good control and regular surveillance
for complications enables the patients to lead a
normal life.

The typical hearing loss described is a progressive,
bilateral. Sensorineural deafness of gradual onset
affects predominantly the higher frequencies and
older patients. There is a decrease in auditory
acuity which is similar to that of presbyacusis, but
those affected show a hearing loss greater that that
expected at that age.**

Worldwide the prevalence of hearing impairment
is estimated at about 440 million people. Age is
the primary risk factor in the population. Other
risk factors include noise, cardiovascular disease,
Diabetes mellitus and social factors.

Non-insulin dependent Diabetes mellitus accounts
for almost three quarters of all cases of diabetes.
Angiopathy and peripheral neuropathy are well
recognized complications. It is reasonable to
expect these lesions to affect the inner ear leading
to hearing impairment.®°*°

The oculomotor, trochlear and facial nerve palsies
seen in diabetic subjects further suggest that
besides autonomic and peripheral neuropathy there
is definitely some neuroendocrine defect which
contributes to central neuropathy.’

MATERIALSAND METHODS

This study was undertaken on patients who
attended the outpatient departments of General
Medicine and ENT of Mahatma Gandhi Medical
College and Research Institute, Pondicherry, over
a period of one year.

The aims of the study were to find out the
prevalence and type of hearing loss among
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diabetic subjects, to establish if there was a
relationship between age, duration, severity and
complications of Diabetes to the changes in
hearing threshold and to establish if there was a
relationship between height, weight, family
history, diet, blood pressure, blood group and
blood cholesterol.The inclusion criteria were: (i)
diagnosis of Diabetes mellitus based on National
Diabetic Data Group of the National Institute of
Health (NDDG) criteria and (ii) cases receiving
anti-diabetic treatment showing even a normal
range of blood sugar. The exclusion criteria
included: (i) history of congenital deafness in the
family, (ii) history of head injury and intake of
ototoxic drugs, (iii) history of chronic suppurative
otitis media, (iv) history of previous ear surgery
and (v) history of acoustic trauma and noise
induced hearing loss.

In this study, 200 age and sex matched healthy
subjects formed the control group (Group 1) and
were evaluated along with 100 diagnosed cases of
Non-Insulin  Dependent  Diabetes  Mellitus
(NIDDM)  without (Group IlI) and with
complications (Group IIl) such as peripheral
neuropathy, non-healing ulcer, diabetic
retinopathy, hypertension, nephropathy,
congestive cardiac failure or ischaemic heart
disease.

All patients included in the study were subjected
to a thorough systemic and ENT examination to
rule out any organic pathology in the external and
middle ear. Tuning fork tests were done using 256
Hz, 512 Hz and 1024 Hz tuning forks. All patients
were screened for diabetic retinopathy in the retina
clinic by direct and indirect opthalmoscopic
examination of the fundus. Audiological
evaluation was done by Pure Tone Audiometry
(PTA) in the Department of ENT using Arphi
Digital model 500 MK Ill audiometer. Both air
and bone conduction were tested. Audiograms
were recorded for each patient. Patients were
examined by a neurologist to rule out peripheral
neuropathy, which was confirmed by nerve
conduction study. Biochemical estimation of blood
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urea and serum creatinine was carried out to rule
out nephropathy.

The patients were categorized into groups
according to age, sex, duration, severity and
complications of diabetes. Hearing loss was
assessed purely based on tuning fork tests and
audiometric readings only.

Statistical data was analysed using
epidemiological information package developed
by WHO. To find out the statistical significance,
Kruskal-Wallis H test (equivalent to Chi square
test) was used since the observations were
normally distributed and a large sample was taken.
Mean, standard deviation and ‘p’ value were
calculated and tests of significance carried out.
The bone/air conduction thresholds were measured
for both right and left ears in all patients and taken
for each frequency 250 to 8000 Hz. The mean was
further categorized according to the group and
analysed statistically.

RESULTS

A total of 300 patients were included in the study,
of which, 142 were male and 158 were female,
with the age ranging from 30 — 59 years.

Table | shows the distribution of hearing
impairment among the study population. Hearing
impairment among the diabetic population is 48%
in comparison with non-diabetic population.
Diabetes mellitus is the risk factor which
contributes four times more risk of hearing loss in
comparison with the control population.

Table 11 shows the average hearing threshold for
different frequencies for the study population. The
mean threshold at each frequency of all control
subjects and diabetic patients were calculated,
tabulated and compared. The average thresholds in
different frequencies were highly significant. The
p value is <0.01 both for bone conduction and air
conduction in both ears. An average 40% of
people were affected by the average threshold in
the diabetic group in higher frequencies in both
ears, especially in bone conduction.
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The age distribution of the diabetic cases included
in the study is shown in Table Ill. The age
distribution of diabetic patients ranged from 30 to
60 years and included 47 males and 53 females. A
statistically  significant relationship was
established in relation with age and hearing
impairment in diabetic patients.

Table 1V shows the age-wise distribution of the
type of hearing impairment while Table V shows
the age-wise distribution of average hearing
thresholds in different frequencies of the diabetic
subjects. 48 out of 100 diabetic patients were
found to have hearing impairment, of which, 25
had sensorineural hearing loss, 18 had mixed
hearing loss and 5 had conductive hearing loss.
Only one ear was affected in 4 patients while both
ears were affected in 44 patients. The mean
hearing threshold levels in higher frequencies were
affected in both ears in diabetic patients.

The duration of Diabetes mellitus, type of hearing
loss and percentage of hearing loss were analysed
and tabulated in Table VI. The number of years as
a diabetic significantly affected the average
hearing threshold in higher frequencies, especially
more in the 10 — 20 years duration group (53.3%),
with a P value of <0.05. 8 out of 30 patients in the
10 — 20 years duration group were affected by
bilateral high-tone sensorineural hearing loss.

The correlation between duration of Diabetes
mellitus and the average hearing threshold in
different frequencies is shown in Table VII. The
mean average threshold in 20 — 30 years duration
group in higher frequencies weas increased and
statistically significant.

The relationship between control of Diabetes
mellitus with average hearing threshold and type
of hearing loss was tabulated and analysed and is
shown in Tables VIII and IX. 25 patients with
hearing impairment were found to have poor
glycemic control and of these, 12 were found to
have sensorineural hearing loss and 13 were found
to have mixed hearing loss.

The average hearing threshold is calculated by
analysis of variance technique. There is marked
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reduction in hearing threshold from good to
moderate in patients with poor control of diabetes,
which is highly significant in higher frequencies
(P value <0.001

The correlation between complications of Diabetes
mellitus and type of hearing loss and average
hearing threshold in different frequencies is shown
in Table X and Table XI. The patients with no
complications had a relatively high threshold in
low and high frequencies than those with no
complications (speech frequency equal). There
was no statistical significant relationship found.

DISCUSSION

In this study, the average hearing thresholds for
higher frequencies of 40% of patients in the
diabetic group were found to be affected,
especially in bone conduction. Similar results were
seen in studies carried out by Axelssonet al®,
Taylor et al’, Costa®, Kurien et al'!, Kutty®,
Agarwal* and Sharma®.

A positive relationship between age and hearing
impairment among diabetics was reported by
Kutty®, Agarwal' and Sharma®. In our study,
48% of diabetic patients were found to have
hearing impairment and these patients fell in the
40 — 60 years age group, most having
sensorineural or mixed type of hearing loss, with
both ears being affected in the majority.

A positive correlation between duration of
diabetes mellitus and hearing loss was reported by
Zelenka et al°, Axelsson et al’, Tay® and
Sharma® Kurien et al*! and Cullen et al*? and few

other studies®#??"% did not find such a
relationship. Duration of diabetes mellitus
significantly affected the average hearing

threshold in higher frequencies, which was found
to be especially significant in the 10 — 20 years
duration group.

Our study showed a marked reduction in hearing
thresholds from good to moderate in patients with
poor control of diabetes, which was highly
significant in higher frequencies. A similar
relationship was reported by Agarwal' and
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Sharma® .Krocks collaboration study group
(1984)* and other studies**™® stated that good
control of Diabetes mellitus would decrease or
postpone the angiopathic changes in the end
organs.

Axelssonet al*, Tay”® and Kutty® found no
relationship between severity of the disease and

the hearing threshold.Jorgenson®,  Kurien,
Agarwal', Sharma®*  showed a distinct
relationship ~ between  diabetic  retinopathy,

neuropathy and microangiopathy and the hearing
threshold. Our study showed no statistical
significant relationship between complications of
diabetes mellitus and type of hearing loss and
average hearing threshold in different frequencies.

CONCLUSION

The study showed that diabetics have an increased
mean threshold at higher frequencies in
comparison to non-diabetics. Older age groups,
longer duration of diabetes and poor control of
diabetes showed strong correlation with significant
bilateral high frequency hearing impairment as
compared to presbyacusis. No statistically
significant relationship was found between hearing
impairment and complications of diabetes, weight
or other parameters.
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TABLES
Table I: Distribution of hearing impairment among the study subjects
Group Normal With hearing impairment
SN M C BE R/L Total (%)
Diabetic 52 25 18 5 44 2/2 48 (48%)
Control 27 0 0 6 6 0 6 (3%)
Table I1: Average hearing threshold in different frequencies (dB) in the study population
Group Frequencies (dB)

100 diabetic | 250 500 1000 2000 4000 6000 8000
patients

R | L R L R L R L R L R L R L
BC 20 | 19 20 |19 20 20 25 26 24 27
AC 28 129 |28 |29 28 29 30 30 34 |36 40 |40 54 | 54
200 Controls
BC 10 | 10 15 | 10 10 10 05 10 10 10
AC 15 | 16 15 |15 15 15 10 15 10 12 05 10 10 | 10

P value = <0.01

Table I11: Age distribution of diabetic patients

Age range | Patients with Diabetes mellitus No. of cases
(years) with hearing
loss (%0)
Male Female Total
31-40 11 12 23 12 (52.2%)
41-50 20 25 45 21 (46.67%)
51- 60 16 16 32 15 (46.9%)

Table 1V: Age-wise distribution of type of hearing impairment

Age Normal Sensorineural | Mixed Conductive | BE R/L %
30-40 11 6 6 0 12 0 52
41-50 24 10 8 3 19 2 46
51 -60 17 9 4 2 13 2 46
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Table V: Age-wise distribution of average hearing thresholds in different frequencies

Age Frequencies (Hz)

No. of 250 500 1000 2000 4000 6000 8000
persons

R | L R | L R L R |L R |L R |L R | L

3040 23 BC 20 |21 |20 |21 |21 |20 |21 |23 |25 |26
AC 30 |30 |32 |32 |32 |32 |33 |33 [38 |39 |44 |44 |50]|51

41 -50 45 BC 20 |19 |20 |19 |19 |20 |21 |22 |25 |25
AC 29 |30 |29 |30 |28 |29 |30 |34 [35 |41 |42 |42 |47 |53

51-59 32 BC 18 |18 |18 |18 |20 |20 |19 |20 |22 |23
AC 32 |31 |33 |31 |31 |26 |30 |30 [36 |35 |44 |44 | 54|56

Table VI: Correlation of duration of Diabetes mellitus and associated hearing loss and type of

hearing loss

Duration | Total Hearing | N SN M C BE R/L %

of DM loss

0-5 years | 21 8 13 6 2 0 6 2 38.1%
5-10 45 22 23 11 7 4 21 1 48.89%
years

10-20 30 16 14 8 7 1 16 0 53.33%
years

20-30 4 2 2 0 2 0 1 1 50%
years

Table VII: Correlation of duration of Diabetes mellitus and average hearing threshold in different

frequencies (dB)
Duration No. of | Frequencies
of DM persons
250 500 1000 2000 4000 6000 8000
R |L R |[L |R |L |R |L R |L R | L R |L
0-5 30 BC 21 |20 |22 |21 |23 |23 |23 |22 |28 |26
AC 31 |31 [32 |32 |33 |32 |37 (33 |44 |44 |49 |49 [49 |49
5-10 45 BC 18 |18 |19 |19 |18 |19 |18 |19 |22 |23
AC 26 |27 |27 |28 |27 |28 |28 |29 |31 |33 |37 |37 |43 |45
10-20 21 BC 18 |18 [19 |19 |20 |20 |21 |21 |25 |26
AC 28 |29 |30 [ 30 |30 |34 |35 |38 |40 |42 |44 |40 |52 |54
20-30 4 BC 17 |17 |18 |19 |20 |21 |22 |23 |32 |32
AC 26 |25 |27 |28 |24 |25 |30 |30 |35 |36 |44 |46 |56 |55

P value = <0.012

Table VIII: Correlation between control of diabetes mellitus and type of hearing loss

Blood No. of | Normal Hearing Sensorineural Mixed Conductive
sugar level | patients impairment
(%)
Mild 23 10 13 (56%) 6 5 2
(80- 140)
Moderate 35 25 10 (28%) 7 0 3
(140-200)
Severe 42 19 25 (24%) 12 13 0
(>200)
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Table IX: Correlation between control of diabetes mellitus and average hearing threshold in
different frequencies

Control of | No. of Frequencies
DM persons
250 500 1000 2000 4000 6000 8000
R |L R L R | L R |L R | L R |L R |L
Mild 23 BC 18 |17 |19 |18 |20 |20 |19 |20 | 22 | 23
AC 26 |26 |27 |27 |27 |28 |29 |28 |31 |34 |36 |38 |43 |46
Moderate 35 BC 19 {18 |20 |19 |20 |19 |19 |19 |22 | 23
AC 27 |27 |28 |28 |29 |29 |29 |28 |42 |42 |44 |43 |56 |54
Severe 42 BC 19 |19 |20 |20 |22 |20 |20 |20 |23 | 25
AC 28 |29 |29 |30 |28 |29 |30 |33 |36 |40 |44 |46 |48 |56
Table X: Correlation between complications of Diabetes mellitus and type of hearing loss
No.  of | Normal Sensorineural | Mixed Conductive | BE R/L %
patients
Uncomplicated | 87 46 24 17 2 39 2 47
Complicated 13 8 1 1 3 3 2 38

Table XI: Correlation between complications of Diabetes mellitus and average hearing threshold in
different frequencies (dB)

Severity of DM No. of | Frequencies
persons
250 500 1000 2000 4000 6000 8000
R |L R (L |[R |L |R |L R |L R |L R |L
Uncomplicated 87 BC |19 |18 |20 |19 |20 |19 |20 |20 |25 | 23
AC |27 |28 |28 |29 |28 |29 |30 |30 |40 |44 |44 |46 | 54 | 58
Complicated 13 BC |19 |18 {20 |19 |20 |19 |20 |20 |25 | 23
AC |25 |28 |26 |29 |26 |29 |26 |30 |40 |42 |44 |42 |52 |54
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