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Introduction
Diabetes mellitus (DM) is a metabolic disorder that 
can cause a variety of metabolic, neurological, and 
vascular complications [1]. Despite a correlation 
between DM and hearing loss being shown in 
previous studies [2,3], there is still no consensus about 
the exact etiopathogenesis of hearing loss and the 
site of auditory system involvement [3]. Th us, some 
authors have mentioned DM as a possible cause for 
sudden hearing loss. Despite other causative factors 
such as atherosclerosis and viral infection, DM is 
seen as the main cause of deafness due to diabetic 
microangiopathy [4].

However, the exact etiopathogensis is controversial 
in the literature, because most of the time DM 
involves older patients, thus making it even 
harder to connect hearing loss to DM or due to 

presbycusis [5]. Alternatively, others suggested that 
it could be related to injuries at various points of the 
auditory pathways, possibly due to neural or cochlear 
defects, as reported in a previous study [6]. However, 
Friedman et al.  [6] indicate that the hearing loss 
patterns found in patients do not comply with 
senility-related hearing loss in terms of frequency 
distribution. Also in a recent study, Ferreira et al. [7] 
found a high frequency of sensorineural hearing 
loss  (SNHL) in 37.5% of the patient population. 
However, these results were not compared against a 
control group [7].
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Although auditory alterations are not a typical 
symptom, they can occur in patients with type 1 DM. 
Th ese alterations are normally related to structures of 
the inner ear (cochlea), including the organ of Corti 
and structures of the central auditory pathway, from 
the nerve until the auditory cortex [8]. Th e audiogram 
is only capable of detecting alterations occurring 
from injury to the inner hair cells and/or alterations 
in the central auditory pathway. However, auditory 
alterations resulting from a dysfunction — that is, 
subclinical alterations – can be detected only through 
electrophysiological auditory tests including the 
otoacoustic emissions  (OAEs) and auditory brainstem 
response  (ABR) tests. Th ese two tests are also capable 
of determining the location of the injury, with OAE 
distinguishing the sensorial alterations and ABR 
distinguishing the neural alterations [9].

Aim
Th is comparative study aimed to investigate the 
auditory system functions of these type 2 DM patients 
with poor versus good glycemic control and compare 
them with an age-matched and sex-matched healthy 
control group. Th e study also aimed to investigate the 
relationship between serum HbA

1
c% and auditory 

function parameters [brainstem auditory evoked 
potential (BAEP) and OAE].

Materials and methods
Th irty-two type 2 DM patients (64 ears) (14 men and 
18 women) were recruited from the outpatient clinic 
of the general internal Medicine Department in Assuit 
University Hospital. Th eir ages ranged from 32 to 70 
years and the duration of illness was 2–7 years. Th ey 
received oral hypoglycemic agents for DM control. On 
the basis of their serum HbA

1c
% 14 patients had good 

glycemic control (serum  HbA
1c

% was ≤6.8%) and 18 
patients had poor glycemic control (serum HbA

1c
% 

was >6.8%).

In addition the study included a control group of 30 
healthy volunteers (12 men and 18 women) matched 
in age, sex, and BMI. Th eir ages ranged from 32 to 68 
years.

Th e exclusion criteria of the study were as follows: past 
history of otologic disease or exposure to ear trauma 
or surgery; history of noise exposure or ototoxic 
drug intake or head trauma; history of systemic 
or neurological diseases; manifestation of diabetic 
complications in the eyes, kidneys, or heart; presence 
of motor defi cit or positive  ECG or neuroimaging 
fi ndings (computerized tomography of the brain).

All participants underwent the following: history 
taking, physical examination (BMI), systemic, 
cardiac, ophthalmic, and neurological examination, 
electrophysiological auditory function tests, and 
laboratory examinations of fasting serum glucose, 
serum HbA

1c
%, and serum urea and creatinine, ECG, 

and brain computerized tomography.

Auditory function assessments
Full history taking and otological examinations were 
carried out to evaluate any ear disorders and for 
identifying the presence of wax, which might impede 
the exams.

Basic audiological evaluation
Pure tone and speech audiometry were carried 
out for each ear using a diagnostic audiometer 
(Madsen  OB 822, Madsen electronics, Copenhagen, 
Denmark) with sound delivered through  headphones 
(TDH 39-Telephonics).

In the present study, hearing loss was considered if the 
hearing threshold at one or more frequencies exceeded 
the normal intensity limits (0–2 5 dB HL for adults) [10].

Tympanometry and acoustic refl ex threshold testing 
were carried out on each ear using a middle ear analyzer 
(interacoustic Az26) to exclude middle ear disease that 
may interfere with the accuracy of OAEs.

Brainstem auditory evoked potential or auditory 
brainstem response
It was performed using the Nihon Kohden model 
MEB-7102 (Nihon Kohden Corp., Tokyo, Japan). 
BAEP was recorded using   headphones; the type of 
sound used was clicks, with the duration of stimulus 0.1 
ms, rate of stimulus 10 Hz, averaging 2000, and intensity 
of stimulus 90 dB. An active electrode was attached in 
the zone of the scalp (Cz) at the vertex; the reference 
electrode was placed on the ear lobule of the tested ear, 
and the ground electrode was placed at the midline of 
the forehead. Th e waves routinely analyzed in BAEP 
were numbered I–V. Th e absolute latency (stimulus to 
peak) of each peak (I, II, III, IV, and V) and interpeak 
latencies (IPL: I–III, I–V, and III–V) were measured.

Evoked OAEs: TEOAEs and DPOAEs were recorded 
using  ILO 92, Otodynamic Analyser (Otodynamic 
Ltd, Hartfi eld, Hertz, UK), with participants sitting in 
a comfortable chair and as quiet as possible. Th e three-
port probe (one microphone and two transducers) was 
positioned  in the participant s’ outer ear canal with a 
good probe fi t using a foam ear tip so that the emission 
would be properly recorded.
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TEOAE measurement
A series of 260 stimuli were presented in blocks of 
eight clicks in each testing situation, according to the 
nonlinear technique proposed by Kemp et al. [11]. 
Clicks were evoked with an intensity of 80 ± 2 d B 
SPL, and the collection of TEOAEs was terminated 
after 1024 accepted sweeps. Th e emission and 
noise amplitudes were calculated by the software in 
half-octave frequency bands centered at 1.0, 1.5, 2.0, 
3.0, and 4.0 kHz, as well as the total emission and noise 
amplitude across frequencies. TEOAEs were present if 
emission amplitude exceeded the noise amplitude with 
at least 6 dB signal-to-noise ratio  (SNR ≥6 dB) in at 
least three tested frequencies.

DPOAEs measurement
2f1–f 2 DPOAE levels were measured using the DP-
grams procedure, in response to pure tones of intensity 
L1 = L2 = 70 dB SPL [12] with a frequency ratio f2/
f1 of 1.22 and plotted with respect to the f2 primary 
tones. Amplitudes of three points per octave were 
assessed in the frequency range 0.5–6 kHz. DPOAE 
was considered present when the emission amplitude 
at all individual frequencies was at least 6 dB higher 
than its associated noise amplitude (SNR ≥6 dB) [13].

Ethics
Th is study was conducted after obtaining approval from 
the Ethical Committee of the Faculty of Medicine, 
Assiut University. All participants gave written consent 
for participation in the study before assessment.

Statistical analysis
Th e statistical analyses were performed usi ng SPSS 
16.0 for Windows (SPSS Inc., Chicago, Illinoi s, USA). 
Th ree separate statistical analyses were performed. 
First, the demographic data between diabetic patients 
and the control group were compared. Categorical 
variables were compared u sing the 2-test. Continuous 
variables within two groups were compared using the 
independent t-test for parametric data and the Mann–
Whitney U-test for nonparametric data.

Th e reference limits from the control group were 
derived from the mean ± 2 SD. Th e data exceeding 
the reference limits were considered to be ‘outside 
reference data’. Second, continuous variables were 
compared among three groups using one-way analysis 
of variance and the Kruskal–Wallis test for parametric 
and nonparametric data, respectively. Also, we gathered 
data of auditory variables including BAEP between 
the right and left ears of the studied diabetic groups 
as there was no signifi cant side-related diff erence on 
using the Wilcoxon test. Spearman’s correlation was 

performed between serum HbA
1c

% and BAEP and 
TEOAE responses. P less than 0.05 (two-tailed) was 
regarded as statistically signifi cant.

Results
No statistically signifi cant diff erences were found 
between the mean age ± SD of the diabetic groups with 
poor versus good glycemic control and that of the healthy 
control group (51.3 ± 3.8 vs. 50.9 ± 12.4 and 45.2 ± 15 
years, respectively), nor in BMI (32.3 ± 4.3 vs. 30.9 ± 5 
and 30.6 ± 5 m2) and systolic (133.6 ± 6.8; 130.9 ± 3.4 
vs. 129.8 ± 5.8 mmHg) and diastolic (84.9 ± 6.1; 80.4 ± 
6.9 vs. 80.9 ± 10.9 mmHg) blood pressure. Th e duration 
of illness in diabetic patients with poor glycemic control 
and those with good glycemic control was 6.3 ± 3.5 
and 4.9 ± 2.3 years (P = 0.291). However, there was a 
signifi cant diff erence between the mean values of serum 
fasting blood glucose and HbA

1c
% in diabetic patients 

with poor and good glycemic and the control group 
(15.4 ± 3.8; 6.12 ± 1.9 vs. 5.6 ± 1.8 mmol/l; and 8.7 ± 0.8, 
5.2 ± 1.1 vs. 4.7 ± 0.6%, respectively) (P = 0.0001 for all).

All studied patients had been treated for at least 
6 months with various oral hypoglycemic drugs 
such as Glibenclamide (eight patients), Gliclazide 
modifi ed release (MR) (seven patients), Glimepiride 
(14 patients), and combination of Glimepiride and 
Metforamin (three patients).

In the audiometry study, the percentage of hearing loss 
ranged from 8.8 to 70.6% among diabetic patients with 
poor glycemic control at diff erent frequencies, with 
signifi cant tendency to increase at higher frequency on 
trends analysis (P = 0.0001). However, there was no 
case with hearing loss either among diabetic patients 
with good glycemic or in the control group (Fig. 1a).

Patients with poor glycemic control had signifi cantly 
high mean hearing thresholds at low and high 
frequencies when compared with other groups or 
compared with the good glycemic group (P < 0.1 and 
P < 0.001) (see Table 1 and Fig. 1b).

Speech discrimination scores were excellent in both 
study and control groups. Normal middle ear functions 
and normal acoustic refl ex thresholds were evident in 
all participants.

We found that 12 out of 18 patients (66.7%) with 
poor glycemic control had hearing loss. Th ese patients 
were receiving oral hypoglycemic drugs as follows; two 
patients in each group received Glibenclamide (2/8; 
25%) and Gliclazide MR (2/7; 28.5%), six patients 
(6/14; 42.8%) received Glimepiride, and the remaining 
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two patients (2/3; 66.7%) received a combination of 

Glimepiride and Metforamin. However, no signifi cant 

association was found between hearing loss and various 

oral hypoglycemic drugs, whether Glibenclamide, 

Gliclazide MR, or Glimepiride, as measured by the 
2-test, among 29 patients (P = 0.100). Th e remaining 

three patients who received a combination of Glimepiride 

and Metforamin were excluded from estimation of the 

eff ect of oral hypoglycemic drugs on hearing loss in the 

statistical analysis because of their small number.

Both diabetic groups recorded prolonged absolute 

latencies of wave I with consecutive delay in wave 

latencies III and V and IPLs III–V in BAEP, which 

exceeded mean ± 2 SD of control values.

Th e diabetic group with poor glycemic control had 

signifi cant prolongation of absolute latencies of waves 

I, III, and V and IPL III–V compared with the other 

groups (P < 0.01 and P < 0.001) (details are illustrated 

in Table 2).

 Table 2 Auditory brainstem evoked potentials in the studied groups

Wave latency/IPL Poor good glycemic control 
(n = 36) (mean ± SD)

Good glycemic control 
(n = 28) (mean ± SD)

Control group 
(n = 30)

P value between 
three groups using 
the Kruskal–Wallis 

test

P value between 
diabetic groups using 

the Mann–Whitney 
U-test

ABR-wave I 1.7 ± 0.2 1.5 ± 0.2 1.2 ± 0.1 0.000 0.073

ABR-wave III 3.8 ± 0.2 3.7 ± 0.1 3.2 ± 0.1 0.000 0.321

ABR-wave V 5.7 ± 0.3 5.5 ± 0.2 5.1 ± 0.1 0.000 0.008

IPL I–III 2.1 ± 0.2 2.1 ± 0.2 2 ± 0.1 0.143 0.004

IPL III–V 2 ± 0.3 1.7 ± 0.1 1.9 ± 0.2 0.000 0.000

IPL I–V 4 ± 0.3 3.9 ± 0.2 3.8 ± 0.4 0.130 0.088

ABR, auditory brainstem response; IPL, interpeak latency.

Table 1 Hearing thresholds in the studied groups at different frequencies

Frequency Poor glycemic control 
(n = 36) (mean ± SD)

Good glycemic control 
(n = 28) (mean ± SD)

Control group 
(N = 30) (mean ± SD)

P value between 
three groups using the 

Kruskal–Wallis test

P value between 
diabetic groups using 

the Mann–Whitney 
U-test

0.25 kHz 16.1 ± 10.9 8.5 ± 5.3 10.7 ± 2.4 0.010 0.002

0.5 kHz 22.9 ± 10.8 13.7 ± 4.1 13.5 ± 4.2 0.000 0.000

1 kHz 20.6 ± 13.4 17.4 ± 5.1 18.4 ± 2.8 0.879 0.633

2 kHz 24.8 ± 14.6 19.1 ± 6.5 18.9 ± 2.6 0.377 0.230

4 kHz 32.1 ± 16.1 19.4 ± 3.2 17.2 ± 2.8 0.000 0.001

8 kHz 38.9 ± 19.9 16.7 ± 6.4 17.3 ± 3.3 0.000 0.000

(a) A statistically signi  cant difference in the percentage of hearing loss between diabetic groups (poor vs. good glycemic control) at different 
frequencies (0.25–8 kHz). *P < 0.05; **P < 0.01; ***P < 0.001. (b) Hearing thresholds in the audiogram at different frequencies between the 
studied groups (diabetic groups with poor vs. good glycemic control and the healthy  control group).

Figure 1
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Concerning cochlear function assessment, poor glycemic 
control had signifi cantly low amplitudes at all frequencies, 
as well as low overall response, in the poor glycemic 
control group compared with other groups (P < 0.01 
and P < 0.001) in the TEOAE test. Moreover, the mean 
values of DPOAE amplitudes were signifi cantly reduced 
in diabetic patients with poor glycemic control compared 
with other groups at high frequencies of 4 and 6 kHz (P = 
0.043 and 0.016, respectively; Tables 3 and 4, respectively).

Th e eff ect of demographic data – age, sex, and duration of 
disease — on auditory functions either on sensory or neural 

parameters was estimated using Spearman’s correlation. 
Th ere was a signifi cant correlation betwe en age and IPL 
I–V as well as overall response of TEOAE amplitude (r 
= 0.308, P = 0.035; r = −0.501, P = 0.011, respectively). 
However, there was no signifi cant correlation between 
these auditory parameters and sex (P = 0.922 and 0.433) 
or duration of disease (P = 0.243 and 0.604).

However, the eff ect of glycemic control on auditory 
functions either on sensory or neural parameters was 
estimated using Spearman’s correlation and illustrated 
in Fig. 2a and b, which  revealed that HbA

1c
% was 

 Table 4 Mean values of DPOAE amplitude at different frequencies in the studied groups

Frequency Poor glycemic control 
(n = 36) (mean ± SD)

Good glycemic control 
(n = 28) (mean ± SD)

Control group 
(n = 30) (mean ± SD)

P value between 
three groups using the 

Kruskal–Wallis test

P value between 
diabetic groups using the 

Mann–Whitney U-test

1 kHz 24 ± 11.1 21.7 ± 7.4 22.5 ± 6.6 0.229 0.147

1.5 kHz 27.5 ± 13.6 28.5 ± 5.3 25.7 ± 4.5 0.075 0.472

2 kHz 28.5 ± 12.2 27.7 ± 7.7 27.6 ± 5.5 0.292 0.255

3 kHz 31.6 ± 13.8 31.6 ± 7.7 32.8 ± 6.1 0.444 0.224

4 kHz 31 ± 15.1 32.1 ± 2.5 36 ± 4 0.043 0.446

6 kHz 20.6 ± 15.4 23.7 ± 14.4 31.44 ± 6.2 0.016 0.386

Table 3 Mean values of TEOAE amplitude at different frequencies in the studied groups

S/N ratio 
frequency

Poor glycemic control 
(n = 36) (mean ± SD)

Good glycemic control 
(n = 28) (mean ± SD)

Control group 
(n = 30) (mean ± SD)

P value between 
three groups using the 

Kruskal–Wallis test

P value between 
diabetic groups using 

the Mann–Whitney 
U-test

Overall response 2.8 ± 5.4 7.9 ± 6.7 14 ± 2.3 0.000 0.001

1 kHz 2 ± 5.7 8.3 ± 7 14.4 ± 2.6 0.000 0.000

1.5 kHz 5.4 ± 7.8 11.7 ± 6.4 17.4 ± 2.3 0.000 0.000

2 kHz 5.4 ± 8.1 13.2 ± 8.1 14.1 ± 1.3 0.000 0.000

3 kHz 3.2 ± 6.1 7.1 ± 4.4 10.5 ± 1.7 0.000 0.001

4 kHz 2 ± 5.1 3.2 ± 5.1 11.7 ± 2.2 0.000 0.160

The effect of glycemic control on auditory functional parameters (IPL III–V in brainstem auditory evoked potential and overall response to 
TEOAE amplitude). (a) Signi  cant positive correlation between serum level of HbA1c% and IPL III–V (r = 0.340, P = 0.004), but (b) signi  cant 
negative correlation between serum level of HbA1c% and overall response to TEOAE amplitude (r = 0.471; P = 0.000) among all participants. 
HbA1c, glycosylated hemoglobin; IPL, in terpeak latency.

Figure 2
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signifi cantly correlated with IPL III–V (r = 0.340; 
P =  0.004) and with overall response of TEOAE 
amplitude (r = −0.471; P = 0.000).

Discussion
In the present comparative study, auditory functions 
were evaluated in detail among patients with poor 
versus good glycemic control and the healthy control 
group to detect subclinical alteration.

According to audiometric results, SNHL ranged from 
8.8% (at 0.250 kHz) to 70.6% (at 8 kHz frequency) 
among diabetic patients with poor glycemic control. It 
is consistent with studies by Wu et al. [2] and Austin 
et al. [3], who found an association between hearing 
loss and DM. Moreover, the poor glycemic control 
group had signifi cantly higher hearing thresholds 
compared with the good glycemic control group and 
the control group (at all frequencies except 1 and 
2 kHz). Our data are partially consistent with the data 
reported by Karabulut et al. [14], who found SNHL 
at high frequencies in both patients and controls. Our 
fi ndings could be attributed to the fact that aging and 
DM together accelerate hearing loss, or presbycusis, by 
synergistic action as reported previously by Cullen and 
Cinnamond [15].

Although metaformin has been claimed to increase 
the loss of vitamin B12 because of malabsorption of 
vitamin B12 in diabetic patients, which exacerbates 
the DM neuropathy and cranial DM neuropathy [16], 
in our study the small number (three patients) of 
patients who used a combination of Glimepiride and 
metaformin were excluded from the statistical analysis 
of drug eff ect on hearing loss. However, no signifi cant 
association was found between other oral hypoglycemic 
drugs, whether Glibenclamide, Gliclazide, or 
Glimepiride, and hearing loss among diabetic patients.

In the present study, patients with poor glycemic control 
had signifi cant prolongation of absolute latency of 
wave I with consecutive prolongation latency of waves 
III and V as well as IPL III–V compared with other 
groups, which may suggest both peripheral and central 
auditory (mainly retrocholear) pathway aff ection 
related to glycemic control as previously reported in 
other studies [17,18]. Our fi ndings are consistent with 
common fi ndi ngs reported in ABEP studies [19,20], 
whereas the latency of waves III and V were prolonged. 
However, other studies [21,22] reported no relation 
between levels of HbA

1c
% and results of BAEP .

Prolonged IPL I–III in the diabetic groups is partially 
consistent with the fi ndings reported by Huang 

et al. [23], but no signifi cant prolonged IPL I–V was 
found in the studied groups in their study [23].

TEOAE was used for early detection of cochlear 
dysfunctions in the studied groups. Patients with 
poor glycemic control showed signifi cantly reduced 
amplitude at all frequencies when compared with other 
groups. Our fi ndings are consistent with those of other 
studies [24–26]. However, our results are inconsistent 
with those of Ugur et al. [27], who found no diff erence 
in amplitudes of TEOAEs. Our fi ndings suggest that 
the metabolic changes caused by DM can modify the 
micromechanics of the inner ear, generating an early 
subclinical fi nding. Th is was previously confi rmed 
through histopathological studies [28,29] of the inner 
ear, which demonstrated the following: 

(1) A thickening of the capillary walls of the vascular 
stria epithelial stratifi cation that forms the 
endolymphatic edge of cochlear sac, which is 
important in the production of ionic gradients 
and of the endocochlear potential; 

(2) Peri and endolymphatic hemorrhaging; 
(3) Reduction in the number of fi bers of the spiral 

plate; and 
(4) Degenerative changes in the organ of Corti and 

reduction in the number of outer hair cells [28,29].

Th e DPOAE test is more specifi c for confi rming cochlear 
function aff ection at high frequencies. Measurement of 
DPOAEs corresponds closely to the physiological state 
of the cochlear outer hair cells and determines the site 
of pathology associated with SNHL [26]. Th e results of 
our study showed a signifi cantly low amplitude of 
DPOAEs at high frequencies (4–6 kHz) among 
patients with poor glycemic control, which suggests 
that the peripheral auditory alterations aff ect the high 
frequencies earlier in these patients.

Our fi ndings are consistent with those of Erdem 
et al. [30], who reported low amplitude among diabetic 
patients at high frequencies on DPOAE, but it is partially 
inconsistent with the data of Karabulut et al. [14], who 
found a statistically signifi cant diff erence between 
patients and control at all frequencies (P < 0.05) except 
1 kHz on the DPOAE test.

In the study groups, signifi cant association was found 
between age and auditory functions, either neural or 
sensory parameters, as age was signifi cantly correlated 
with IPL I–V (r = 0.308, P = 0.035) as well as with 
overall response of TEOAE amplitude (r = −0.501; 
P = 0.011), without signifi cant correlation with sex or 
duration of disease. Our fi ndings were consistent with 
those of Durmus et al. [31] and Dabrowski et al. [25]. 
In contrast, Durmus et al. [31]. reported a correlation 
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between age (>30 years) and IPLs (I–V and III–V) 
in the ABR study, but no correlation to duration of 
disease or sex, although Dabrowski et al. [25] found 
a negative correlation be tween amplitude TOAE and 
age, without correlation to duration of disease. Th e 
signifi cant association found by us could be attributed 
to the fact that age is an important factor leading 
to hearing loss, and the presence of DM accelerates 
age-related hearing loss, or presbycusis, by synergistic 
action, as reported by Cullen and Cinnamond [15]. 
However, Cullen and Cinnamond [15] found that 
hearing loss is more predominant among men than 
among women, which may be secondary to noise 
exposure. Th is diff erence in reported fi ndings could 
be attributed to the selected inclusion and exclusion 
criteria of the studied sample in diff erent studies.

In the present study, the eff ect of glycemic control on 
auditory functional parameters was estimated and 
revealed signifi cant correlation mainly between HbA

1c
% 

and IPL III–V in the BAEP test (r = 0.340 and P = 0.004) 
on the one hand and between HbA

1c
% and overall 

response of TEOAE amplitude (r = −0.471; P = 0.000) 
on the other. Th ese data indicate glycemic control eff ect 
and its enhanced related metabolic changes in DM on 
the auditory nerve pathway on the one hand and outer 
hair cell functions at the cochlea on the other.

Th e TEOAE correlation fi ndings are consistent with 
the reported fi ndings of Ugur et al. [27], who recorded 
a negative correlation between the TEOAE amplitude 
and the values of HbA

1c
% in type 1 DM. Th ese data 

demonstrate the importance of metabolic control in 
mediating cochlear functions through the following 
eff ects: glucose metabolism has great infl uence on 
the inner ear and subsequently both hypoglycemia 
and hyperglycemia may aff ect its normal functioning. 
In addition, vascular striae depend on a constant 
concentration of blood glucose [32].

Th e signifi cant positive correlation between serum 
HbA

1c
% and IPL III–V in the BAEP test confi rms the 

importance of metabolic control for brainstem function 
among diabetic patients. Th is result supports the study 
by Seidl et al. [33]. In contrast, Díaz de León-Morales 
et al. and Talebi et al. [21,22] did not fi nd a relationship 
between serum HbA

1c
% and BAEP results.

Conclusion and recommendation
Patients with type 2 DM had clinical and subclinical 
auditory dysfunctions, either cochlear or neural. Th ese 
auditory dysfunctions are infl uenced by glycemic 
control (serum HbA

1c
%). Early glycemic control is 

mandatory for preventing auditory comorbidities 

among diabetic patients. Further studies are needed 
on a large number of patients with large investigatory 
tools to study the predictors of auditory dysfunctions.

Financial support and sponsorship
Nil.

Con  icts of interest
Th ere are no confl icts of interest.

References
 1 Gini  Z, Öztürk G, S rmal  R, Yalç nda  A, Dülgero lu Y, Deliba  T, 

Deliba  N. The role of HbA1c as a screening and diagnostic test for 
diabetes mellitus in Ankara. Turk J Med Sci 201 2; 42:1430–1436.

 2 Wu HP, Guo YL, Cheng TJ, Hsu CJ. Chronological changes in 
compromised olivocochlear activity and the effect of insulin in diabetic 
Wistar rats. Hear Res 2010; 27 0:173–178.

 3 Austin DF, Konrad-Martin D, Griest S, McMillan GP, McDermott D, 
Fausti S. Diabetes-related changes in hearing. Laryngoscope 2009; 
11 9:1788–1796.

 4 Fukui M, Kitagawa Y, Nakamura N, Kadono M, Mogami S, Ohnishi, M, 
et al. Idiopathic sudden hearing loss in patients with type 2 diabetes. 
Diabetes Res Clin Pract 2004;  63:205–211.

 5 Diniz TH, Guida HL. Hearing loss in patients with diabetes mellitus. Braz J 
Otorhinolaryngol 2009;  75:573–578.

 6 Friedman SA, Schulman RH, Weiss S. Hearing and diabetic neuropathy. 
Arch Intern Med 1975;  135:573–576.

 7 Ferreira JM, Sampaio FMO, Rabbit JMS, Alemida NMGS. Audiological 
pro  le of patients with diabetes mellitus type II. Rev Soc Bras Fonoaudiol 
2007; 12:292–297. 

 8 Brender E, Burke AE, Glass RM. JAMA patient page. Audiometry. JAMA 
200 6; 295:460. 

 9 Fernandes LC, Casais-Silva L, Ladeia AM. Dysfunction of the peripheral 
and central auditory pathway in patients with type 1 diabetes mellitus. 
J Diabetes Mellitus  2012; 2:76–81. 

10 Roeser RG, Buckley KA, Stickney GS. Pure tone tests. In: Roeser RG, 
Valente M, Hosford-Dunn H, (editors) Audiology, diagnosis. New York: 
Thieme Medical Publishers ; 2000. 227–251.

11 Kemp DT, Ryan S, Bray P. A guide to the effective use of otoacuostic 
emission. Ear Hear  1990; 11:93–105.

12 Sztuka A, pospiech L, Gawron W, Dudek K. DPOAEs in estimation of 
the function of the cochlea in tinnitus patients with normal hearing. Auris 
Nasus larynx  2010; 37:55–60.

13 Gorga MP, Neely ST, Bergman B, Beauchaine KL, Kaminski JR, Peters J, 
Jesteadt W. Otoacoustic emission from normal hearing and hearing 
impaired subjects: distortion products responses. J Acoustic Soc Am 
199 3; 93:2050–2060.

14 Karabulut H, Karabulut I, Da li M, Bayazit YA, Bilen S, Aydin Y, et al. 
Evaluation of outer hair cell function and medial olivocochlear efferent 
system in patients with type II diabetes mellitus. Turk J Med Sci 2 014; 
44:150–156.

15 Cullen JR, Cinnamond MJ. Hearing loss in diabetics. J Laryngol Otol 
1993;  107:179–182.

16 Tomkin GH. Malabsorption of vitamin B12 in diabetic patients treated 
with phenformin: a comparison with metformin. Br Med J 1973; 
3 :673–675.

17 Makishima K, Tanaka K. Pathological changes of the inner ear and 
central auditory pathway in diabetics. Ann Otol Rhinol Laryngol 1971;  
80:218–228.

18 Bayazit Y, Yilmaz M, Kepekçi Y, Mumbuç S, Kanlikama M. Use of the 
auditory brainstem response testing in the clinical evaluation of the 
patients with diabetes mellitus. J Neurol Sci 2000;  181(1-2): 29–32.

19 Tóth F, Várkonyi TT, Rovó L, Lengyel C, Légrády P, Jóri J, et al. 
Investigation of auditory brainstem function in diabetic patients. Int 
Tinnitus J 20 03; 9:84–86.

20 Dolu H, Ulas UH, Bolu E, Ozkardes A, Odabasi Z, Ozata M, Vural O. 
Evaluation of central neuropathy in type II diabetes mellitus by multimodal 
evoked potentials. Acta Neurol Belg 2003;  103:206–211.



Auditory dysfunction in patients with type 2 DM Abo-Elfetoh et al. 169

21 Díaz de León-Morales LV, Jáuregui-Renaud K, Garay-Sevilla ME, 
Hernández-Prado J, Malacara-Hernández JM. Auditory impairment in 
patients with type 2 diabetes mellitus. Arch Med Res 2005;  36:507–510.

22 Talebi M, Moosavi M, Mohamadzade NA, Mogadam R. Study on brainstem 
auditory evoked potentials in diabetes mellitus. Neurosciences (Riayadh) 
2 008; 13:370–373.

23 Huang CR, Lu CH, Chang HW, Tsai NW, Chang WN. Brainstem auditory 
evoked potentials study in patients with diabetes mellitus. Acta Neurol 
Taiwan 201 0; 1 9:33–40.

24 Orts Alborch M, M orant Ventura A, G arcía Callejo J, Pé rez del Val le B, 
Lorente R, Marco Algarra J. The study of otoacoustic emissions in 
diabetes mellitus. Acta Otorrinolaringol Esp 1998 ; 49:25–28. 

25 Dabrowski M, Mielnik-Niedzielska G, Nowa-kowski A. Involvement of 
the auditory organ in type 1 diabetes mellitus. Endokrynol Pol 2 011; 
62:138–144.

26 Ottaviani F, Dozio N, Neglia CB, Riccio S, Scavini M. Absence of 
otoacoustic emissions in insulin-dependent diabetic patients: is there 
evidence for diabetic cochleopathy? J Diabetes Complications 2002; 
 16:338–343. 

27 Ugur AK, Kemaloglu YK, Ugur MB, Gunduz B, Saridogan C, Yesilkaya E, 
et al. Otoacoustic emissions and effects of contralateral white noise 

stimulation on transient evoked otoacoustic emissions in diabetic children. 
Int J Pediatr Otorhinolaryngol 2009;  73:555–559. 

28 Lisowska G, Namyslowski G, Morawski, K, Stro- jek K. Cochlear dysfunction 
and diabetic microangiopathy. Scand Audiol 2 001; 30:199–203.

29 Fukushima H, Cureoglu S, Schachern PA, Kusunoki T, Oktay MF, 
Fukushima N, et al. Cochlear changes in patients with type 1 diabetes 
mellitus. Otolaryngol Head Neck Surg 2005;  133:100–106.

30 Erdem T, Ozturan O, Miman MC, Ozturk C, Karatas, E. Explorations 
of the early auditory effects of hyperlipoproteinemia and diabetes 
mellitus using otoacoustics emissions. Eur Arch Otorhinolaryngol  2003; 
260:62–66.

31 Durmus C, Vetiser S, Durmus O. Auditory brainstem evoked responses in 
insulindependent (ID) and non-insulin-dependent (NID) diabetic subjects 
with nor- mal hearing. Int J Audiol  2004; 43:29–33. 

32 Bittar RSM, Sanchez TG, Santoro PP, Medeiros IRT. The metabolism of 
glucose and the inner ear. Archives of Otolaryngology Foundation 1998; 
2:4–8. 

33 Seidl  R, Birnbac her R, Haus er E, Bernert   G, Freilinger M, Schober E. 
Brainstem auditory evoked potentials and visually evoked potentials in 
young patients with IDDM. Diabetes Care 1996; 19:1220–1224.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




