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Abstract
Conclusion: This study supports the proposition that vestibular dysfunction and sensorineural hearing loss (SNHL) may be
considered among the complications due to noninsulin-dependent diabetes mellitus (NIDDM). Objective: The aim of this
study was to evaluate the audiovestibular functions in patients with NIDDM and to determine if there is any correlation
between audiovestibular dysfunction and the duration of the disease.Methods: A total of 104 patients diagnosed with NIDDM
and 104 nondiabetic control subjects made up the study group. Diabetic patients were also divided into subgroups of £7 years
and >7 years according to the duration of the disease. Pure-tone audiometry (PTA), speech recognition scores (SRS),
impedance audiometry, and vestibular function tests (VFT) were performed for all of the patients. Results: Hearing thresholds
in all frequencies (except at 500 Hz for bone conduction) and SRS values were statistically significant in patients with NIDDM
and control subjects, but there was no statistically significant difference according to the duration of the disease. Statistically
significant alterations were present in VFT in patients with NIDDM compared with the control subjects. In the diabetic group,
only failure in the saccade test was statistically significant according to the duration of the disease.

Keywords: Vestibular function tests, sensorineural hearing loss, disease duration

Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
associated with high levels of blood glucose. DM can
cause many serious chronic complications. According
to recent studies, there are suspicious findings regard-
ing alterations in audiovestibular systems in patients
with DM. Diabetic microangiopathy or neuropathy is
implicated in DM-related complications and duration
of the disease seems to be an important risk factor for
diabetic complications [1]. Vestibular dysfunction
and sensorineural hearing loss (SNHL) are likely to
be caused by the same factors [2].
Diabetic neuropathy and retinopathy affecting the

proprioception system and visual system, respectively,
may cause balance problems in patients with DM.
Besides these, vestibular system disorders may con-
tribute to or worsen balance problems in the diabetic
patients. Although diabetic sensory neuropathy and

retinopathy are well-researched topics, relatively few
studies have focused on the effects of DM on the
vestibular system. Some studies have reported
evidence of vestibular dysfunction [3–5] and others
found no significant abnormalities [6,7]. Patients
with DM often have a higher incidence of bilateral
symmetrical SNHL, mainly at higher frequencies
[7,8].
This study was undertaken to see if there is any

relationship between audiovestibular functions and
noninsulin-dependent DM (NIDDM) by examining
audiovestibular tests. Correlation between the dura-
tion of the disease and audiovestibular dysfunction
was also investigated.

Material and methods

The study group comprised 104 patients diagnosed
with NIDDM (68 women and 36 men) with a mean
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age of 50.3 years (range 23–60 years) and 104 healthy
controls (62 women and 42 men) with a mean age of
48.3 years (range 22–60 years). Diabetic patients
were also divided into subgroups of £7 years
(53 patients) and >7 years (51 patients) according
to the duration of the disease. In this study, a limit of
7 years according to the duration of the disease in the
diabetic group provided a balanced distribution of
the number of patients for the statistical analysis.
Detailed history of the diabetic state (duration of the
disease, medication) and otological symptoms was
obtained. Patients who had any active vestibular
complaint, definite systemic complications of DM
or uncontrolled systemic disease were excluded from
the study. Otolaryngology examination was per-
formed in all patients. Patients who had a perforated
tympanic membrane and previous history of ear
surgery were excluded from the study. Clinical con-
trol subjects were selected from patients with no
history of vestibular dysfunction, of similar age
and gender. The study was approved by the institu-
tional research ethics committee (protocol no. 2013/
1-5). The following audiovestibular parameters were
investigated in all of the patients.

Audiologic evaluation

Audiologic evaluation consisted of pure-tone audi-
ometry (PTA), speech recognition scores (SRS), and
impedance audiometry. PTA was carried out with a
Clinical Audiometer MA 53 true two channel audio-
metric device (MAICO Diagnostics, Berlin, Ger-
many). The device used for impedance analyses
was an Impedance Audiometer MI 34 Middle Ear-
analyzer Autometric Impedancemeter (MAICO
Diagnostics). The air conduction (AC) thresholds
at 250, 500, 1000, 2000, 4000, and 6000 Hz and
bone conduction (BC) thresholds at 500, 1000,
2000, and 4000 Hz were assessed in the PTA in
all patients. The average of the AC threshold at 500,
1000, 2000, and 4000 Hz was calculated in the PTA
to determine the level of hearing impairment.
The severity of hearing impairment was classified
using the World Health Organization (WHO) clas-
sification (mild 26–40 dB; moderate 41–60 dB;
severe 61–80 dB; and profound ‡80 dB). Patients
with conductive hearing loss, asymmetric SNHL,
and abnormal impedance values were excluded
from the study.

Vestibular function tests

VFTs of eye movements were recorded using VNG
(VN 415 Videonystagmography Interacuistics A/S,
Assens, Denmark). Patients were seated 100 cm

away from a light bar. They were asked to keep their
head and eyelids stationary while visually tracking the
target. The following VFTs were performed for all of
the patients.

Spontaneous nystagmus. Eye movements were
recorded for 30 s while the patient was looking ahead
to a stationary target and also with fixation suppres-
sion by creating complete darkness. Fixation stability
and spontaneous nystagmus were evaluated during
the test. Patients who had spontaneous nystagmus
were excluded from the study.

Gaze test. Eye movements were recorded while the
patient gazed at a stationary target with a visual angle
of 30� from the center to the right, to the left,
upwards, and downwards. Patients with nystagmus
and/or gaze-holding disability were considered to
have an impaired gaze test.

Smooth pursuit test. Eye movements were recorded
while the patient was visually tracking a small spotlight
moving slowly with an angle of 20� in left and right
horizontal directions at the frequencies of 0.1, 0.2,
and 0.4 Hz one after another. Gain of smooth pursuit
(ratio of eye movement velocity and object velocity)
was evaluated for each frequency. Patients with a
value of <70% for gain were considered to have a
distorted smooth pursuit system.

Saccade test. Rapid eye movements were recorded
while the patient glanced at a jumping small spotlight
with an angle of 5–25� in left and right horizontal
directions from one target site to another. Velocity,
accuracy, and latency of rapid eye movements were
evaluated. Values of >300�/s for velocity, 80–134% for
accuracy, and <260 ms for latency were considered
normal. Patients with at least one deviation from the
reference values were considered as having a distorted
saccadic system.

Optokinetic test. Eye movements were recorded while
the patient was counting small spotlights lined up in a
row moving slowly to left and right horizontal direc-
tions at a speed of 10�/s. Gain of response to the
optokinetic stimulus was evaluated. Patients with a
value of <70% for gain were considered as having a
distorted optokinetic system.

Dix-Hallpike test (positional nystagmus test). Eye move-
ments were recorded in complete darkness while the
patient was rapidly positioned from the sitting to
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supine position with head hanging 45� downwards to
the left and right, respectively. Then the patient was
returned to the sitting position. Eye movements were
recorded for 90 s for each side and continued for 20 s
in the sitting position. The Dix-Hallpike test was
considered positive if nystagmus was observed on at
least one side in the supine position.

Statistical evaluation

Data were analyzed with the software SPSS (Statis-
tical Product and Service Solutions) PASW (Predic-
tive Analytics SoftWare) Statistics18. The Student’s t
test and chi-squared test were applied to the measure-
ments in all groups. p < 0.05 was considered statis-
tically significant.

Results

There was no statistically significant difference in
terms of the age (p = 0.138) and gender (p = 0.39) of
patients with NIDDM and control subjects. There
was also no statistically significant difference in terms
of the age (p = 0.087) and gender (p = 0.331) of
patients in the two diabetic subgroups. The duration
of the NIDDM based on self-report of the patients
varied from 1 to 27 years (8.7 ± 6.2). Duration of the
disease was statistically significant between diabetic
subgroups (p = 0.021). Comparison of clinical
features of NIDDM patients according to the dura-
tion of the disease and with control subjects is
presented in Table I. In all, 33 (31.7%) patients
with NIDDM required the use of insulin in addition
to oral antidiabetics for blood glucose regulation;
71 (68.3%) patients were using only oral antidia-
betics. Otoscopic examination proved normal in all
patients.

Audiologic evaluation

There was tympanogram type A in impedance audi-
ometry in all the cases. In the PTA, hearing thresholds
at all frequencies (except at 500 Hz for BC) and SRS

values in both ears were statistically significant in
patients with NIDDM and in control subjects. Hear-
ing thresholds were higher at all frequencies in the
patients with >7 years compared with the £7 years
duration of the disease in the diabetic group, but this
was not statistically significant. Audiologic evaluation
and statistical analysis of both ears in the four groups
are presented in Table II.
Comparison of the mean AC and BC thresholds are

presented in Figures 1 and 2, respectively, for both
ears of the NIDDM patients and control subjects.
Comparison of the mean AC and BC thresholds is
presented in Figures 3 and 4, respectively, for both
ears of the NIDDMpatients according to the duration
of the disease. SNHL was diagnosed in 44 (42.3%)
NIDDM patients and in 16 (15.4%) control subjects.
Distribution of NIDDM patients and control subjects
according to the severity of hearing impairment is
presented in Table III.

Vestibular function tests

Statistically significant alterations were present in gaze
(p = 0.002), smooth pursuit (p < 0.001), saccade
(p < 0.001), optokinetic (p < 0.001), and Dix-Hallpike
tests (p = 0.006) in NIDDM patients compared with
the control subjects. VFT results and statistical
analysis of the NIDDM patients and control subjects
are presented in Table IV. In the diabetic group, only
failure in the saccade test (p = 0.002) was statistically
significant in the patients with >7 years compared
with £7 years duration of the disease. VFT results
and statistical analysis of the NIDDM patients accord-
ing to the duration of the disease are presented in
Table V.

Discussion

The leading long-term complications of DM are
related to damage to blood vessels. Audiovestibular
dysfunctions found in DM patients are probably an
effect of angiopathy or neuropathy, or both. Anatomic
studies conducted by Myers et al. [9,10] showed

Table I. Comparison of clinical features of patients with noninsulin-dependent diabetes mellitus (NIDDM) according to the duration of the
disease and with control subjects.

Clinical features
NIDDM £7 years

(n = 53)
NIDDM >7 years

(n = 51) p Value
NIDDM (all)
(n = 104)

Control group
(n = 104) p Value

Gender (F/M) 35/18 33/18 0.331* 68/36 62/42 0.390*

Age (years) (mean ± SD) 48.6 ± 8.7 52.1 ± 10.1 0.087† 50.3 ± 9.5 48.3 ± 9.8 0.138†

Duration (years) (mean ± SD) 3.8 ± 2.7 13.7 ± 9.9 0.021† 8.7 ± 6.2 – –

F, female; M, male; SD, standard deviation.
*Chi-squared test; †Student’s t test.
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changes in myelin sheaths of the nerves and in the
microvasculature of the saccule and utricle in animals
with experimental DM. There are also clinical studies
demonstrating balance disorders in patients with DM
[11,12]. However, relatively few studies have focused
on the effects of DM on the VFT. Alessandrini et al.
[13] observed significantly longer saccadic eye move-
ment latency in patients with insulin-dependent DM
(IDDM). Nicholson et al. [3] concluded that both
IDDM and NIDDM are associated with deficits in
gaze-holding, vestibulo-ocular reflex (VOR), and
optokinetic reflex function. Numerous other studies

indicate conflicting results for VFT findings in dia-
betic patients. Di Nardo et al. [14] found normal
electronystagmography (ENG) results in IDDM
patients both with and without peripheral neuropathy.
Klagenberg et al. [4] reported that vestibular assess-
ment was within normal limits in patients with
IDDM. Our results have demonstrated that statisti-
cally significant alterations were present in VFT in
NIDDM patients. In the diabetic group, failure in the
saccade test was statistically significant in patients
with >7 years compared with £7 years duration of
the disease. This finding suggests that the saccade test

Table II. Comparison of the audiologic test results and statistical analysis for both ears of the patients with noninsulin-dependent diabetes
mellitus (NIDDM) according to the duration of the disease and with control subjects.

Test (Hz) Side NIDDM £7 years
(n = 53)

(mean ± SD)

NIDDM >7 years
(n = 51)

(mean ± SD)

p Value NIDDM (all)
(n = 104)

(mean ± SD)

Control group
(n = 104)

(mean ± SD)

p Value

Air conduction

250 Right 24.3 ± 11.4 26.9 ± 16.1 0.372 25.6 ± 14.1 16.5 ± 5.7 < 0.001

Left 22.9 ± 11.2 26.2 ± 16.6 0.234 24.5 ± 14.3 18.7 ± 6.3 < 0.001

500 Right 23.1 ± 11.9 26.4 ± 17.0 0.252 24.7 ± 14.9 17.1 ± 5.0 < 0.001

Left 20.9 ± 10.7 26.7 ± 18.0 0.089 23.7 ± 15.2 18.2 ± 6.8 0.001

1000 Right 22.4 ± 13.1 27.2 ± 16.6 0.096 24.8 ± 15.2 12.8 ± 4.8 < 0.001

Left 24.5 ± 16.3 30.6 ± 20.2 0.088 27.5 ± 18.7 14.2 ± 5.8 < 0.001

2000 Right 22.4 ± 15.0 27.9 ± 18.4 0.093 25.1 ± 17.1 14.1 ± 7.0 < 0.001

Left 25.8 ±16.9 31.0 ± 20.8 0.163 28.4 ± 18.3 15.4 ± 6.1 < 0.001

4000 Right 32.9 ± 22.1 37.2 ± 23.6 0.334 35.0 ± 23.0 19.8 ± 7.3 < 0.001

Left 35.7 ± 20 41.3 ± 25.0 0.201 38.5 ± 23.0 21.3 ± 5.3 < 0.001

6000 Right 41.4 ± 21.8 44.7 ± 23.9 0.457 43.0 ± 22.7 23.4 ± 6.7 < 0.001

Left 45.8 ± 20.0 46.9 ± 24.6 0.578 46.3 ± 22.8 22.9 ± 6.7 < 0.001

AT Right 25.2 ± 15.5 29.7 ± 18.9 0.194 27.4 ± 17.6 16.0 ± 6.0 < 0.001

Left 26.7 ± 16.0 32.4 ± 21.0 0.135 29.5 ± 18.8 17.3 ± 6.0 < 0.001

Bone conduction

500 Right 13.3 ± 7.3 15.7 ± 9.9 0.167 14.5 ± 8.9 12.8 ± 4.8 0.082

Left 12.2 ± 5.6 16.4 ± 12.5 0.096 14.3 ± 9.0 12.8 ± 4.8 0.159

1000 Right 16.5 ± 10.9 19.8 ± 12.4 0.146 18.1 ± 11.9 10.8 ± 4.8 < 0.001

Left 14.6 ± 9.0 19.9 ± 15 0.090 17.2 ±12.8 12.8 ± 4.8 0.001

2000 Right 19.1 ± 13.3 23.0 ± 16.2 0.096 21.0 ± 16.1 12.1 ± 7.0 0.001

Left 19.8 ± 14.5 24.8 ± 19.0 0.130 22.3 ± 17.2 13.0 ± 5.4 < 0.001

4000 Right 29.9 ± 17.6 34.3 ± 18.0 0.280 32.1 ± 17.0 16.0 ± 7.9 < 0.001

Left 33.8 ± 17.8 37.5 ± 18.8 0.495 35.6 ± 18.4 15.0 ± 7.9 < 0.001

AT Right 19.7 ± 12.3 23.2 ± 14.1 0.172 21.4 ± 13.5 12.9 ± 6.1 0.021

Left 20.1 ± 11.7 24.7 ± 16.3 0.202 22.4 ± 14.4 13.4 ± 5.7 0.040

SRS (%)

Right 91.4 ± 10.9 88.5 ± 11.3 0.222 90.0 ± 10.8 98.8 ± 2.2 < 0.001

Left 89.8 ± 11.1 88.1 ± 11.2 0.724 89.0 ± 10.8 98.8 ± 2.2 < 0.001

AT, averaged threshold at 500, 1000, 2000, and 4000 Hz; SD, standard deviation; SRS, speech recognition scores. p values were determined
using Student’s t test.
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might be more meaningful for diagnosing vestibular
dysfunction in NIDDM patients.
In the literature there are few studies investigating

audiovestibular functions specifically for asymptom-
atic NIDDM patients and these are poor in terms of
the number of patients. In the present study, we
aimed to create a large and homogeneous group of
patients with NIDDM. Patients who had otologic
problems and active vestibular complaints were
excluded from the study. The age range was limited
to £60 years to minimize the effects of presbyacusis
and balance disorders related to aging on the results.
Therefore, our results may demonstrate subclinical
audiovestibular dysfunctions specific to NIDDM.
Absent vestibular symptoms accompanied by the
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Figure 1. Comparison of the mean air conduction (AC) thresholds for both ears of the patients with noninsulin-dependent diabetes mellitus
(NIDDM) and control subjects.
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Figure 2. Comparison of the mean bone conduction (BC) thresh-
olds for both ears of the patients with noninsulin-dependent
diabetes mellitus (NIDDM) and control subjects.
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Figure 3. Comparisonof themeanairconduction(AC) thresholds for
both ears of the patients with noninsulin-dependent diabetes mellitus
(NIDDM) with £7 years and >7 years duration of the disease.
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olds for both ears of the patients with noninsulin-dependent
diabetes mellitus (NIDDM) with £7 years and >7 years duration
of the disease.
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presence of abnormal VFTs may seem like a
contradiction. This situation can be explained by
vestibular compensation. A high degree of plasticity
of the vestibular system may change the clinical
manifestation of vestibular abnormalities [15]. The
reason for impairment in VFTs may be sequelae in
vestibular pathways due to angiopathy and/or neu-
ropathy related to DM [9,10]. Nevertheless, it does
not seem possible yet to draw any definite
conclusions.
Related to the peripheral vestibular pathologies, the

Dix-Hallpike test was performed in this study. A small
number of studies that investigated peripheral vestib-
ular pathologies in DM using Dix-Hallpike test pro-
duced contradictory results. Gawron et al. [16]
showed considerable increase of positional nystagmus
with longer history of suffering from IDDM.
Klagenberg et al. [4] and Sharma et al. [7] reported
normal Dix-Hallpike test results in cases of DM. The
present study showed statistically significant altera-
tions in Dix-Hallpike tests in patients with NIDDM.
However, this was not associated with the duration of
the disease.

This study and numerous other studies indicate
that patients with DM often have a higher incidence of
bilateral symmetrical SNHL, mainly at higher fre-
quencies, and with the progress of disease the hearing
deteriorates further [7,8]. Similar results were found
in the present study. Increased hearing thresholds
mainly at higher frequencies and reduced SRS were
present in NIDDM patients compared with the con-
trol subjects and these findings were statistically sig-
nificant. Increased hearing thresholds depending on
the duration of disease were also observed within the
diabetic group; however, the difference was not sta-
tistically significant.
3The risk of falling seems to be significantly elevated

among patients with DM [12,17]. Many studies have
attributed the fall risk mainly to peripheral neuropathy
[18–20],butbalance ismaintainedbycomplexmechan-
isms with the integration of visual, proprioception, and
vestibular systems. Therefore, vestibular system dys-
function may play an important role in postural insta-
bility in DM patients. In support of this opinion, the
present study showeda statistically significant vestibular
dysfunction in patients with NIDDM.

Table III. Distribution of patients with noninsulin-dependent diabetes mellitus (NIDDM) and control subjects according to the severity of
hearing impairment.

Hearing impairment NIDDM £7 years
(n = 53)

NIDDM >7 years
(n = 51)

NIDDM (all)
(n = 104)

Control group
(n = 104)

n % n % n % n %

Mild (26–40 dB) 7 13.2 10 19.6 17 16.3 8 7.7

Moderate (41–60 dB) 11 20.8 6 11.8 17 16.3 5 4.8

Severe (61–80 dB) 1 1.9 8 15.6 9 8.7 3 2.9

Profound (‡80 dB) 0 0 1 2 1 1 0 0

Total 19 35.9 25 49 44 42.3 16 15.4

Table IV. Vestibular function test (VFT) results and statistical analysis of patients with noninsulin-dependent diabetes mellitus (NIDDM) and
control subjects.

Impaired VFT

NIDDM (n = 104) Control group (n = 104)

n % Mean ± SD n % Mean ± SD p Value

Gaze 19 18.3 0.2 ± 0.4 5 4.8 0.1 ± 0.2 0.002

Smooth pursuit 46 44.2 0.4 ± 0.5 14 13.5 0.1 ± 0.3 < 0.001

Saccade 45 43.3 0.4 ± 0.5 16 15.4 0.2 ± 0.4 < 0.001

Optokinetic 47 45.2 0.6 ± 0.5 11 10.6 0.1 ± 0.3 < 0.001

Dix-Hallpike 8 7.7 0.1 ± 0.4 6 5.8 0.1 ± 0.2 0.006

SD, standard deviation. p Values were determined using the chi-squared test.

56 H. E. Özel et al.

A
ct

a 
O

to
la

ry
ng

ol
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

V
ir

gi
ni

a 
on

 0
4/

09
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Conclusion

Our results revealed a close link between audioves-
tibular dysfunction and NIDDM. This relationship is
partly dependent on the duration of the disease. Based
on these findings, vestibular dysfunction and SNHL
may be considered among the chronic complications
due to NIDDM. Further studies are needed to arrive
at definite conclusions.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.
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Table V. Vestibular function test (VFT) results and statistical analysis of patients with noninsulin-dependent diabetes mellitus (NIDDM) with
£7 years and >7 years duration of the disease.

Impaired VFT

NIDDM £7 years (n = 53) NIDDM >7 years (n = 51)

n % Mean ± SD n % Mean ± SD p Value

Gaze 10 18.9 0.2 ± 0.2 9 17.6 0.2 ± 0.3 0.872

Smooth pursuit 23 43.4 0.4 ± 0.5 23 45.1 0.5 ± 0.4 0.861

Saccade 15 28.3 0.3 ± 0.5 30 58.8 0.6 ± 0.5 0.002

Optokinetic 22 41.5 0.4 ± 0.3 25 49 0.5 ± 0.4 0.442

Dix-Hallpike 4 7.5 0.1 ± 0.2 4 7.8 0.1 ± 0.2 0.879

SD, standard deviation. p Values were determined using the chi-squared test.
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