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Abstract Neuropathy is frequently a late complication of
diabetes mellitus. Auditory neuropathy and microangiop-
athy of inner ear are the possible causes of hearing loss in
diabetics. To study the correlation between glycaemic
control and hearing threshold in patients with type 2 dia-
betes mellitus and to determine the differences of hearing
threshold between groups treated with different modality.
This single blind randomized controlled study was per-
formed at the Department of Medicine and Department of
Otorhinolaryngology, Hospital Universiti Kebangsaan
Malaysia (UKM) between 1st May 2003 and 31st Sep-
tember 2004. This study was approved by Research Ethics
Committee (code number FF-137). Subjects were ran-
domized into two groups. Group 1 were patients treated
with conventional oral hypoglycemic agents. The patients
in group 2 were those treated with insulin injection. The
subjects were seen 4 weekly for 3 months. Audiometric
test were performed in all subjects at each visit. Blood were
taken for fasting blood glucose, Hb1Ac, and fructosamine
at every visit to determine the glycaemic controls of the
subject. They were 11 patients (22 ears) treated with oral
hypoglycemic agents and 17 patients treated (34 ears) with
subcutaneous insulin. There is no significant difference
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between mean pure tone threshold before and after treat-
ment at all frequencies in both groups. There is also no
significance different in fasting glucose level and fructos-
amine. However, there is significant difference HbAlc
levels between the two groups after treatment (P < 0.05).
This study has shown that glycaemic control does not have
significant impact on hearing. The hearing threshold is
neither affected by insulin treatment nor by the glycaemic
control.

Keywords Diabetes mellitus - Hearing loss - Glycemic
control - Insulin - Fructosamine

Introduction

Hearing loss is one of the most common health problems
among elderly. The major risk factors for hearing loss are
age, noise exposure and vascular disease. Since both Type 1
(insulin dependent diabetes mellitus, IDDM) and type 2
(non insulin dependent diabetes mellitus, NIDDM) diabetes
are known for their widespread microvascular lesion, their
relationship with hearing loss has been widely studied but
findings are contradictory. Several studies have reported a
positive correlation between diabetes and hearing loss [1, 2]
others have failed to confirm such association [3, 4]. Some
investigators have shown that only diabetics with severe
peripheral neuropathy or retinopathy are at increased risk of
hearing loss [5, 6].

There are several theories on how diabetes mellitus may
cause hearing loss. Most authors agreed that microangi-
opathy of inner ear is the main cause of hearing loss in
diabetics as reported in animal and temporal bone studies
[7, 8]. The other possible theory that diabetes can cause
hearing loss is due to auditory neuropathy, as it is widely
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known that diabetes can results in peripheral neurothy.
Whether the neuropathy is caused by microangiopathy or
metabolic effect is not known.

Some researchers suggest that diabetes may affect both
central and peripheral nervous system. Marullo found evi-
dence of cochlear and retro cochlear pathology in 60 dia-
betic subjects [9]. A problem in all the electrophysiological
studies is that none of them demonstrated significant hear-
ing loss that correlates with the electrophysiological chan-
ges that were found. Therefore, the clinical significance of
these changes must be in doubt. In addition, not all studies
of brainstem-evoked responses have shown abnormalities
in diabetic patients. Verma et al. showed no difference
between the responses of 22 diabetic subjects and 14
healthy controls [10].

This study was aimed at determining the correlation
between diabetes mellitus and hearing threshold and to
compare objectively the hearing threshold of subjects with
type 2 diabetes mellitus treated with oral hypoglycemic
agents against subjects treated with intensive short-term
insulin therapy.

Material and Methods

This single blind randomized controlled study was per-
formed at the Department of Medicine and Department of
Otorhinolaryngology, Center A between 1st May 2003 and
31st September 2004. The ethical committee approved this
study with code number FF-137. Patients with type 2
diabetes mellitus who attended the outpatient clinic of
endocrine unit during the study period. They have type 2
diabetes mellitus within 10 years of diagnosis with a gly-
cated hemoglobin (Hb1Ac) in between 8 to 11%. Their age
between 18 to 70 yrs old with body mass index less than
30. Those with known specific causes for sensorineural
hearing loss (SNHL) such as post major trauma to the ear,
history of ototoxicity, history of ear surgery, conductive
hearing loss (CHL) such as otosclerosis will be excluded.

Subjects selected for this study were randomized into
two groups. Group 1 were patients treated with conven-
tional oral hypoglycemic agents. The patients in group 2
were treated with insulin injection. In this study, diabetes is
diagnosed when fasting blood glucose level is more than
6.7 mmol/l. Patients in both groups were screened for
factors that might have predetermined effect on auditory
function. A complete history and physical examination that
include otoscopic examination were carried out at the
beginning of the study. Demographic data were then
obtained from all patients. The subjects were seen every
4 weeks for 3 months. Audiometric test was performed in
all subjects at each visit. Blood was taken for fasting blood

glucose, HblAc and fructosamine every visit as well to
determine the glycaemic controls of the subject.

Audiometric Test

In all subjects, air and bone conduction thresholds were
determined using GSI 21 Audiometer (Gaston-Stradler Inc)
at the ORL Clinic. The pure tone audiograms were
obtained in a soundproof cabin using Hughson Westlake
ascending method. Sound stimulus was delivered through
TDH49 headphones for air conduction and bone oscillator
B-27 for bone conduction threshold measurements. All
patients used a conventional patient response button. Tests
frequencies included 0.25-8 kHz at octave interval. Hear-
ing threshold was defined as the lowest intensity of a pure
tone that was just audible to the subject. The threshold
recorded for each frequency was the lowest decibel (dB)
level at which 50% or more positive responses were
obtained. Masking was applied to non-test ear when
indicated.

The presence of air bone gap might indicate middle ear
pathology and thus excluded from further analysis. In this
study, we will refer the air conduction threshold determi-
nation as the pure tone-hearing threshold. Average
thresholds were used for analysis of hearing levels. How-
ever, in order to obtain more detailed results, several
averages of the test frequencies were obtained:

1. Average low frequency is an arithmetic average of
thresholds of 0.25 and 0.5 kHz.

2. Average mid frequency is an arithmetic average of
thresholds at 1 and 2 kHz.

3. Average high frequency is an arithmetic average of
thresholds at 4 and 8 kHz.

The hearing threshold of both ears of each subjects were
analyzed separately and therefore statistical analysis for
each group were based on number of ears and not on
number of subjects. The analysis was performed using
statistical program from SPSS version 11.0.

Results

A total of 28 individuals were recruited for this study.
There were 10 males (35.7%) and 18 females (64.3%)
(Fig. 1). Among them 42.9% were Chinese, 39.3% were
Malays and the rest were Indians (Fig. 2). The age group of
the subject was between 37 years old to 70 years old, with
mean age being 53.2 years. They were 11(22 ears) patients
treated with oral hypoglycemic agents and 17(34 ears)
patients treated with subcutaneous insulin (Fig. 3).
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Gender Distribution
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Fig. 1 Gender distribution of the subjects
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Fig. 2 Ethnic distribution of the subjects
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Fig. 3 Treatment received by the subjects
Audiometric Findings

The mean average threshold at the start and after treatment
for low frequencies (250 and 500 Hz), mid frequencies
(1000 and 2000 Hz) and high frequencies for the study
groups are tabulated in Tables 1, 2 and 3 respectively.
There is no significant difference of mean hearing thresh-
old between two groups except at low frequencies at the
initial phase of the study. There is no significant difference
between mean pure tone threshold before and after treat-
ment in all frequencies in both groups.

Table 1 Mean average pure tone hearing threshold in insulin and
OHA groups before treatment

Insulin OHA P value
Low frequencies 4+ SE (dB) 196 +12 155+ 13 0.04
Mid frequencies + SE (dB) 217+ 12 190+ 13 025
High frequencies + SE (dB) 364 + 3.7 29.1 +32 033

SE = standard error
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Table 2 Mean average pure tone hearing threshold in insulin and
OHA groups after treatment

Insulin OHA P value
Low frequencies + SE (dB) 194+ 12 160+ 1.1 0.07
Mid frequencies + SE (dB) 210+ 14 17.0+4+ 1.6 0.08
High frequencies + SE (dB  32.6 +32 289432 05

Table 3 Comparison of fasting blood glucose level between groups
after treatment

Group N Mean Test P
Insulin 34 8.6647 Mann—Whitney P > 0.05
OHA 22 7.6745

Measures of Glycaemic Controls

An analysis of glycaemic control between two groups was
carried out. There is no significant different in fasting
glucose level and fructosamine (Tables 3 and 4). However,
there is significant different in level of HbAlc between two
groups after the treatment (P < 0.05) (Table 5).

Correlation of pure tone threshold and diabetics control

Further analysis of pure tone threshold and diabetic control
was carried out. Glycaemic control parameters in this study
are HbAlc and fructosamine. Pearson correlation was used
to determine the correlation between glycaemic control and
pure tone threshold. There were no correlation noted
regarding glycaemic control parameters and all frequencies
of pure tone threshold (Table 6 and 7).

Discussion

Our study has shown that glycaemic control does not have
significant impact on hearing. This finding does not con-
tradict or agree with previous studies. Previous studies
have shown mixed result regarding association of diabetes
mellitus and hearing impairment. Dalton et al. found there
is weak association between NIDDM and hearing impair-
ment after corrected for age and presbycusis in a popula-
tion based longitudinal studies of aging in Beaver Dam,
Wisconsin [11]. However, they did not find any association

Table 4 Mean fructosamine level after treatment

Group N Mean Test P
Insulin 34 321.2353 Mann—Whitney P> 0.05
OHA 22 340.2727
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Table 5 Mean HbAIc level after the treatment

Group N Mean Test P
Insulin 34 7.9235 Mann—Whitney P < 0.05
OHA 22 7.1091

Table 6 Correlation between pure tone threshold and HbAlc

Variable r P
HbAlc
Low frequency threshold 0.201 0.138
Mid frequency threshold 0.159 0.243
High frequency threshold 0.123 0.366

Table 7 Correlation between pure tone threshold and fructosamine

Variable r P

Fructosamine

Low frequency threshold 0.113 0.407
Mid frequency threshold 0.232 0.086
High frequency threshold 0.170 0.209

between duration of diabetes and glycaemic control.
However, in Framingham heart study which examined a
possible association between diabetes and hearing loss,
found no association between hearing threshold and pres-
ence or absence of diabetes or impaired glucose tolerance
[12]. This was a cross sectional study which examined
hearing threshold in a number of population and used the
worse hearing ear as indication of hearing loss.

However, Venkata et al. [13] found the prevalence of
SNHL in diabetic is significantly raised (13.1% of 12,575
diabetics vs. 10.3% of 53,461 non diabetics). They also
concluded that severity of hearing loss seemed to correlate
with progression of the disease as reflected in serum cre-
atinine. Raised serum creatinine was used as an indicator of
microangiopathy in the renal vasculature. Thus, they con-
cluded that hearing loss in these subjects might be due to
microangiapathic changes in the inner ear.

Our study also does not show any association between
hearing threshold and the type of treatment received
(insulin or oral hypoglycemic agent). Ma et al. [14] studied
hearing impairment and diabetes in 1740 Mexican—Amer-
icans to examine their relationship. They found that dia-
betics had a significantly higher mean threshold than non-
diabetics only at 500 Hz. Their data also showed that
diabetics who were not using insulin had significantly
higher threshold at 2,000 and 4,000 Hz than those who
were using insulin. They concluded that association

between diabetes and decreased hearing acuity in higher
frequencies only present in subject who do not use insulin.
However, their study was cross-sectional study and the
sequence of event cannot be known from the data. Thus, it
cannot be taken to prove that insulin has a protective effect
on hearing.

Several studies have investigated the relationship
between insulin and hearing loss. Taylor and Irvin [15]
found that dosage of insulin was not related to the degree of
hearing loss. However Kurien et al. [16] showed that
poorly controlled diabetics had worse threshold than those
who were well controlled [16]. Ma et al. data suggested
that insulin use might limit the progression of hearing
impairment especially at higher frequencies [14]. Another
unexpected finding in Ma’s study was that diabetics taking
insulin had significantly lower threshold than non-diabet-
ics. However, in Ma’s study they did not measure any
parameters of glycaemic control such as fructosamine and
HbA1C [14].

Our study shows that hearing threshold was neither
affected by insulin treatment nor by the glycaemic control.
In the studies that support the hypothesis that there is
possible association between hearing loss and diabetes
[1, 2, 5, 8, 15], the authors noted the association was pre-
dominantly present at higher frequencies. However, these
study mention little about the controls and other important
factors such as noise exposure. Chapman et al. studied the
association of hearing loss and diabetic in rat model [17].
Their study included noise exposure control to non-insulin
dependent diabetes mellitus rats in an attempt to extrapo-
late the same disease process in human. Cochlear histology
was examined at the end of the study to show microangi-
opathy of the inner ear related to NIDDM. The authors
found that NIDDM alone did not cause statistically sig-
nificant basement membrane thickening; however, NIDDM
in combination with noise exposure did show significant
basement membrane thickening.

Nageris et al. attempted to correlate hearing loss and
diabetes mellitus using rat model by examining cochlear
histology [18]. The parameters that were used to measure
cochlear damage were outer and inner hair cells and atro-
phy of stria vascularis. They did not find any statistical
difference in the inner and outer hair cells or in the stria
vascularis between genetically induced diabetic rats and
control subjects. They concluded if there is any hearing
loss in diabetes the pathogenesis does not involve damage
to the hair cells or stria vascularis. However, extrapolation
of findings in genetically induced diabetic rats into human
scenario might prove irrelevant. However, Fowler and
Jones argued that changes in cochlea may represent genetic
predisposition to cochlear damage rather than the effect of
diabetes per se [19].
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Limitation

The complexity of hearing mechanism and various con-
founding factors make it difficult to design a single study to
examine the association of hearing impairment and dia-
betes. A long-term longitudinal study in diabetes mellitus
patients with meticulous records of other possible factors
that cause hearing impairment (e.g. noise exposure, oto-
toxic drugs) is needed. A larger histological study of
temporal bone in correlation with documented hearing
threshold may shed a light on how true is this microang-
iopathic hypothesis causing hearing impairment.

Conclusion

This study has shown that glycaemic control does not have
significant impact on hearing.

The hearing threshold neither affected by insulin treat-
ment nor by the glycaemic control.

There was significant correlation between age and pure
tone threshold in all frequencies (P < 0.01).
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