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Abstract

Objective. To demonstrate if cochleopathy in patients with
type 2 diabetes with normal audiometric hearing threshold
can be detected with otoacoustic emissions or medial olivo-
cochlear (MOC) reflex measurements.

Study Design. Cross-sectional study.
Setting. Tertiary university teaching hospital.

Methods. The study involved 40 type 2 diabetic patients and
24 healthy volunteers. All participants who showed normal
otoscopic findings, hearing thresholds, and acoustic admit-
tance were included. Cochlear activity of participants was
evaluated by means of distortion product otoacoustic emis-
sions (DPOAEs) and transient otoacoustic emissions
(TOAEs). The MOC reflex was evoked with contralateral
acoustic stimulation and recorded with DPOAEs and TOAEs.

Result. A comparison of DPOAE and TOAE levels with a t
test between patient and control groups revealed no signifi-
cant difference (P > .05). A comparison of the MOC reflex
response between the 2 groups also revealed no statistically
significant difference (P >.05).

Conclusion. Although decreased OAE amplitude levels were
found in diabetic patients, there was no statistically signifi-
cant difference in OAEs and MOC reflex. Additional studies
are needed to evaluate the role of OAEs and MOC reflex in
normal-hearing patients with diabetes.
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ype 2 diabetes mellitus is a major health problem
affecting up to 7% of the adult population worldwide
and associated with microvascular and neuropathic

complications. Sclerosis of the internal auditory artery, thick-
cned capillaries of the stria vascularis, atrophy of the spiral
ganglion, and demyelination of the eighth cranial nerve have
been demonstrated among autopsied patients with diabetes.'”
A temporal bone study Kariya et al® showed that compared
with age-matched controls, the cochlear vessel wall is signifi-
cantly thicker in both type | and type 2 diabetic patients. In
the same study, the authors also demonstrated that patients
managed with insulin therapy displayed a thicker vessel wall
than patients receiving oral antidiabetic agents® A similar
study conducted by Fukushima et al* demonstrated greater
atrophy of stria vascularis, greater loss of cochlear outer cells,
thicker basilar membrane, and more stria vascularis vessel
walls in the group of patients with diabetes compared with
that of controls. They found no significant difference in the
number of spiral ganglion cells or inner hair cells between
£roups.

Although diabetes-associated hearing loss has been
described in the literature.”® some studies do not report such
an association.”® In a cross-sectional analysis conducted on
5140 adults, Bainbridge et al’ reported that the frequency of
low-/mid-frequency hearing impairment of mild or greater
severity assessed in the worse ear was 21.3% among 399
aduits with diabetes and 9.4% among 4741 adults without
diabetes. For high-frequency hearing impairment of mild or
greater scverity assessed in the worse car, the incidence was
54.1% among those with diabetes and 32.0% among those
without. In light of recent published articles, there is growing
evidence that diabetic patients are prone to hearing loss, but
characterization of that loss is uncertain.'’

Otoacoustic emissions (OAEs) comprise a noninvasive
methed of evaluating cochlear reserve. OAEs arc used for
detection of ototoxicity,'' hearing screening, and intactness
of the entire ascending and descending auditory pathway.'”
The medial olivocochlear (MOC) efferent system that
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innervates outer hair cells 1s subject to an increasing
number of clinical research studies by means of OAEs.
MOC activity reduces basilar membrane responses to sound
by reducing the gain of cochlear amplification. 1t has been
speculated that MOC efferents help to reduce acoustic
trawma and aid in speech comprehension in noise.'* The
MOC reflex compromise has been proposed as an carly
warning for an impending complications of diabetes.'>'®

Literature on the effect of diabetes mellitus on OAEs of
normal-hearing patients is confusing. In a study conducted
with patients with type 2 diabetes, a statistically significant
decrease was found at 4 kHz in distortion product otoa-
coustic emission (DPOAE) in diabetic patients compared
with controls.'” On the contrary, Sasso et al'® demon-
strated no difference in evoked OAE amplitudes between
diabetic and nondiabetic patients in an acute hyperglyce-
mic state. [n a study investigating the effect of hyperglyce-
mia on stimulus frequency (SF) OAEs, the authors found
that mean SFOAE levels were elevated following glucose
consumption.'’

A few studies have investigated the auditory function of
middle-aged diabetic patients with normal hearing by
means of OAE and evaluated the MOC reflex in these
patients. Our amm is to demonstrate whether cochleopathy
in type 2 diabetic patients with a normal audiometric hear-
ing threshold can be detected with OAEs or MOC reflex
measurements.

Materials and Methods

This prospective study involved patients with type 2 dia-
betes mellitus who were referred from the endocrinology
departiment and healthy volunteers. The mean age of the
diabetes group was 47.6 = 9.8 years, and that of the control
group was 47 = 9.4 years. There were 14 men (35%) and
26 women (63%) in the patient group (40 subjects) and 8
men (33.3%) and 16 women (66.7%) m the control group
(24 subjects).

The study was performed in accordance with Helsinki
Committee requirements and was approved by the Ethics
Committee of Izmir Katip Celebi University. Written
informed consent was obtained from all participants before
the study.

All diabetes patients et each of the criteria of the
American Diabetes Association (ADA).” According to the
ADA, | of the following should be present: fasting plasma
glucose >126 mg/dL, hemoglobin A1C (HbAIC) level
OGTT, patient with classic symptoms of hyperglycemia or
hyperglycemic crisis. or a random plasma glucose >200
mg/dL.

The health of the control group was determined on the
basis of medical history, physical otolaryngologic examina-
tion, blood chemistry, and audiologic evaluations. Patients
who had previously undergone otologic surgery; who had
chronic otorrhea, chronic tinnitus, otitis media/externa, or
congenital car deformity; or who were smokers were
excluded.

All participants who showed normal otoscopic findings,
hearing thresholds, and acoustic admittance were included.
Correlation analysis was based on plasma glucose levels
that were analyzed before the audiologic cvaluation. The
audiometric evaluation was performed within I month after
HbAIC levels were measured. Normal-hearing thresholds
were defined as being <20 dB HL (no air-bone gap) at 300,
1000, 2000, 4000, 5000, 6000, 7000, and 8000 kHz
(Interacoustics AC40 Audio Electronics Inc, Austin, TX).
DPOAE measurements at the frequencies used in the main
experiments—~0.5, 1, 2, 2.5, 34, 5, 6, 7, and 8 kHz—and
transient otoacoustic emission (TOAE) measurements at the
frequencies used in the main experiments—I, 2, 3, and 4
kHz—were recorded using a Vivosonic integrity K500
(Vivosonic Inc, Ontario, Canada) measurement systeni.
DPOAEs were recorded with stimulus levels of L1 = 65 and
L2 = 55 dB SPL and f2/f1 = 1.22. Emissions were consid-
ered to be normal when signal-to-noise ratio levels exceeded
3 dB (considered valid and presented in Tables I and 2).

To mmvestigate the effects of contralateral acoustic stimula-
tion (CAS) on MOC reflex contralateral, a continuous, broad-
band white noise (bandwidth, 50-8000 kHz) was presented at
60-dB SPL, corresponding to 30-dB HL, to minimize inter-
aural transmission and activation of the stapedial reflex.
Reduction/suppression may be defined numerically as the
amplitude difterence of the OAE response without and with
CAS: the value of this difference shows that CAS-induced
DPOAE/TOAE enhancement is present. Reduction is present
when the difference is positive with a decrease in the response
amplitude of TOAE/DPOAE with CAS: suppression is present
when the TOAE/DPOAE responses are extinguished. TOAE
reduction/suppression is absent when the difference is zero or
negative. When the difference is zero or negative, DPOAE/
TOAE enhancement is present,

Tympanometric measurements were recorded using an
Interacoustics AZ26 (Audio Electronics Inc) middle ear ana-
lyzer with a 226-kHz probe tone. Values within the range of
0.30 to 1.50 mm H-O were considered to be normal.
Acoustic reflex thresholds. using steady-state broadband
noise, were also recorded with the Interacoustics AZ26
{Audio Electronics Inc). All participants with an acoustic
reflex threshold lower than 80 dB HL were excluded in an
effort to exclude middle car muscle activity as a potential
cause of OAE level changes and MOC reflex suppression.

A Shapiro-Wilk test was used to assess the normal disiri-
bution of the data. If data were normally distributed, a / test
was used: otherwise, the Mann-Whitney U test and Wilcoxon
signed-rank test were used. For categorical data, x* test was
used. A Spearman test was used for correlation analysis.
Statistical analyses were conducted using the SPSS software
(version 16 for Windows). The statistical significance level
was established at P < .05, and confidence intervals were
95%. Power analysis were conducted with G Power 3.1.7.%!

Results

The mean hearing levels of diabetes patients and control
groups are presented in Table I. The number of valid
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Table I. Mean (SD) Hearing Levels (dB) of Diabetic and Control Groups.

Side Group 0.5 kHz | kHz 2 kHz 2.5 kHz 3 kHz 4 kHz 5 kHz 6 kHz 7 kHz 8 kHz
Left DM 76 (1.6) 107 (41) 12.1(1.8) 132(23) 135(3) 128 (3.2) 141 (23) 139(1.9) 145(23) 156(27)

Control 7.3 (2) 10.9 (3) 125(1.1) 143 (24) 128(29) 13225 122(22) 139(l.6) 142 (2.1) 155 (1L.7)
Right DM 75(24) 158(1.9) 151(3.2) 141 (2.3) [55(24) 156(1.9) 147 (1.6) 147(1.9) 153 (1.5 158(L9)

Control 7.9 (2.3) 144 (3) 6.1 (1.9) 155(29) 154(26) 151 (22) 152(2.1) 154(1.6) 147(22) 147 (1.7)
Table 2. Number of Valid and Nonvalid Otoacoustic Emissions Based on Frequency.”

Patient Control
Left Right Left Right Power®
DPOAE (Frequency) NI N2 NI N2 NI N2 NI N2 Left Right
0.5 19 21 26 14 I 12 15 8 0.53 0.67
| 36 4 33 7 22 | 2| 2 0.82 0.80
2 36 4 36 4 23 0 21 2 0.83 0.8l
2.5 34 6 35 5 21 2 22 | 0.80 0.82
3 36 4 31 9 22 | 20 3 0.82 0.78
4 33 7 35 5 20 3 18 5 0.79 0.77
5 30 10 31 9 18 5 2] | 0.74 0.79
6 33 7 30 10 22 I 20 3 0.81 0.77
7 34 6 32 8 18 5 20 3 0.76 0.78
8 34 6 34 [3 20 3 20 3 0.79 0.79
*N1, number of valid otoacoustic emissions; N2, number of nonvalid otcacoustic emissions.
PEffect size (d) = 0.8.
Table 3. Number of Valid Otoacoustic Emissions Based on Frequency.®
Patient Control
Left Right Left Right Power®

TOAE (Frequency) NI N2 NI N2 NI N2 NI N2 Left Right
| 30 10 35 5 2] 2 19 4 0.78 0.78
2 27 13 31 9 20 3 20 3 0.75 0.78
3 24 16 23  £7 12 I 14 S 0.59 0.63
+ 12 28 16 24 7 16 12 H 0.35 0.52

N1, number of valid otoacoustic emissions; N2, number of nonvalid otoacoustic emissions.

®Effect size (d) = 0.8.

OAEs and achieved power of f-test analysis for each fre-
quency (effect size d = (0.8) in the patient and control
groups are presented in Tables 2 and 3. Comparison of
valid/invalid OAEs (DPOAE/TOAE) revealed no statisti-
cally significant difference between groups (P > .03).
Ophthalmologic evaluation showed diabetic retinopathy in
7 patients (17.5%). Peripheral neuropathy was identified in
10 patients (25%). Microalbuminuria was identified in 4
(10%) patients, Thirteen patients had at least | complication.
No statistically significant difference was found between
the 2 genders. Although gender differences in OAE

measurcments were present,”* only on the left side at 3 kHz
was a statistically significant difference found (# = .001,
DPOAE).

All groups are compared according to left and right
sides. A comparison of DPOAE levels with paired 1 test at
all 10 frequencies between patient and control groups
revealed no significant difference (P > .05). We found no
significant side difference in emission levels (P > .05). The
amplitude values of the DPOAEs are presented in Figures
I and 2 (left ear of both groups, right ear of both groups.
respectively).

Downleaded from oto sagepub com at Ege Universitesi on April 15, 2014



Otolaryngology—Head and Neck Surgery

3 Group
10 control
25,00 1w
-~ Control
T DM
20,00 It 1 !
[ v S [
E f i 1 i
5 }
w - . |
< 1500 [0 ity ? 1
(o} i 4 :
o H
& e
g ¢l |
@
= 10001 I
|
5,00 [
{
0,00 T T T T T T T T T !

Frequency
Error Bars: 95% Cl

Figure |. Distortion product otoacoustic emissions levels of the
left ears of the patient and control group. The first bar of each fre-
quency represents the control group.
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Figure 2. Distortion product otoacoustic emission levels of the
right ears of the patient and control group. The first bar of each
frequency represents the control group.

[n both groups, suppression or enhancement of emission
levels was observed as a result of CAS (the MOC reflex).
Intergroup comparison of the MOC reflex revealed no sta-
tistically significant difference (Table 4).

All groups are compared according to left and right
sides. A comparison of TOAE levels with paired 1 test at all
4 frequencies between patient and control groups revealed

no significant difference (P > .05). We found no significant
side difference in emission levels (P > .05). The amplitude
values of the TOAESs are presented in Figures 3 and 4 (left
car of both groups, right ear of both groups, respectively).

In both groups, suppression or enhancement of emission
levels was observed as a result of CAS (the MOC reflex).
Intergroup comparisons of MOC reflex differences showed
no statistically significant result (Table 5).

A correlation analysis demonstrated no statistically signifi-
cant relation between blood glucose levels and OAE ampli-
tude levels in DPOAE except 0.5 kHz of both cars (left P =
016, right P = .002, Spearman’s p =-0429 -0.429,
respectively), 2 kHz of the left ear (P = .002, p =—-392), and
4 kHz of the night car (P = .008, p = —0.362). Except for 8
kHz in both ears and 6 and 7 kHz in the right ear, a negative
correlation coefficient was found. A correlation analysis
demonstrated no statistically significant relation between
blood glucose levels and OAE amplitude levels in TOAE.
Except for 4 kHz in both ears, a negative correlation coeffi-
cient was found (statistically insignificant).

A correlation analysis demonstrated a negative correla-
tion between HbAIC levels and OAE amplitude at 1, 2.5,
and 7 kHz (only at 2 kHz was a statistically significant cor-
relation found, P = .02, p = —0.3) of the left ear and at 0.5,
I, 2.5, 3,5, 6, and 8 kHz of the right ear. Correlations of
HbAIC levels and DPOAE at 2 kHz are presented in
Supplemental Figures S1 and S2 (available at otojourna-
lorg: left ear and right ear, respectively).

In TOAE, a negative correlation was found at 1, 2. and 4
KHz of the lett ear and at 1, 2, and 3 kHz of the right ear (no
statistically significant correlation was found). Correlation of
HbALC levels and TOAE at 2 kHz are presented in
Supplemental Figures S3 and S4 (left ear and right ear,
respectively).

Discussion

Metabolic  functioning is  disturbed in  diabetes.
Mitochondrial dysfunction, oxidative stress, and the deposi-
tion of glycated products in body tissues lead to disturbed
energy metabolism. Microangiopathy, advanced glycation
end products, and reactive oxygen species are underlying
mechanisms that lead to complications.

A study on type 1 diabetic children with normal hearing
demonstrated no difference in TOAE amplitude levels but
limited suppression of TOAE (involvement of MOC
bundle) in diabetic adolescents. The authors of that study
also found that abnormalities of cochlear integrity was evi-
dent in patients with retinopathy but not related to neuro-
pathy or nephropathy.'” In a similar study conducted in
normal-hearing children with type 1 diabetes, the authors
found no statistically significant difference in TOAE or
DPOAE amplitude levels. A defective suppression of
TOAE was found at 2 and 4 kHz in the diabetic group.'®
Both studies indicate that dysfunction in the MOC system
can be regarded as an early central manifestation of dia-
betic ncuropathy.
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Table 4. Mean (SD) Medial Olivocochlear Reflex Values (Distortion Product Otoacoustic Emissions).

Side Group 0.5 kHz | kHz 2kHz 25kHz 3 kHz 4 kHz 5 kHz 6 kHz 7 kHz 8 kHz
Left ~ Diabetes mellitus —0.3 (5.9) 1.4 (6.5) 0.2 (6.2) -1.8(5.7) 1.9(7.2) 09(54) -0.7(4.9) 0.09 (46) -0.03 (5.8) -0.2 (3)
Control 0.05(5.1) 07(49) 04(54) -09(47) -02(58 05(53) -08(73) I (4) 0.5 (5.1) 0.1 (4.4)
Right Diabetes mellitus 0.9 (84) 0.5 (6.2) 0.4 (6.9) [.1 (63) -0.02(42) 08(49 -07(56) 03(55 -14@46) 09 4.2)
Control 0.7 (55) 08(5.6) 02(46) -1l (4.1) 0.1 (55) -0.1 (48) -0.8(43) —04(3.9) 09 (5.1) -1.34.7)
*There was no statistically significant differences between groups.
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Figure 3. Transient otoacoustic emission levels of the left ears of
the patient and control group. The first bar of each frequency rep-
resents the control group.

Ottoviani et al*® demonstrated a reduction in DPOAEs and
TOAE amplitude levels in adults with type | diabetes. Their
study group consisted of normal-hearing subjects, and they
found no relationship between reduction in OAE amplitudes
and complications. The major drawback of the study is that
the authors did not set up a criterion for valid OAE amplitude
levels, which decreases the reliability of the results.

A higher prevalence of evoked OAE compromise has
been demonstrated in patients with type 2 diabetes.'® No
association has been found between OAE compromise and
diabetic complications. In addition, in this study. the authors
demonstrate no significant change in OAE intensities in the
acute hyperglycemic state either in the diabetic or control
group. An increase in mean SFOAE amplitude levels was
observed during hyperglycemia in a study conducted by
Jacobs et al.'” A statistically significant increase in MOC
inhibition amplitude was also observed during the hypergly-
cemic state. A negative correlation between blood glucose
levels and both DPOAE and TOAE amplitude levels was
found in our study.

[n our study, we did not demonstrate a statistically signit-
icant  decrease in DPAOE or TOAE amplitude levels

Error Bars: 95% CI
Figure 4. Transient otoacoustic emissions levels of the right ears

of the patient and control group. The first bar of each frequency
represents the control group.

between diabetic patients and controls. Our results are con-
trary to those of other studies that report such a decrease in
OAE amplitude in diabetic patients.”" > Although the cur-
rent opinion in the literature suggests that the amplitudes of
diabetic patients® OAEs levels are significantly lower com-
pared with healthy controls, our results demonstrate that
there is no clinical significance between these groups. But
our results might have suffered from a type 2 error, and that
is the main limitation of our study. In a bigger study group,
there might be pronounced difference.

We use a contralateral noise to elicit MOC reflex. The
main effect of MOC efferents is to inhibit cochlear
responses by decreasing the gain of the cochlear amplifier.
The MOC reflex is expected to be suppressive when SOAEs
are used. Guinan'* commented that the most important diffi-
culty with using DPOAESs is that the effect can be in either
dircction and could change greatly with small changes in
stimulus parameters, thereby making a single measurement
difficult to interpret. As stated, activation of the MOC
system can result in either enhancement of OAEs or sup-
pression of OAFEs.*® In our study group, activation of the
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Table 5. Mean (SD) Medial Olivocochlear Reflex Values (Transient Otoacoustic Emissions).?

Side Group | kHz 2 kHz 3 kHz 4 kHz

Left Diabetes meliitus 1.5 (4.3) -0.6 (4.6) 0.5 (4.4) -0.5 (3.5)
Control 3.1 (4.8) 1.8 (3.9) —-0.05 (4.2) -0.9(5.2)

Right Diabetes mellitus 22 (5.1) 0.7 (3.6) -0.2 (5) -0.2 (3.5)
Control 0.9 (5.6) 0.3 (5) 0.7 (4.6) 03 (2.8)

"There was no statistically significant difference between groups.

MOC reflex with DPOAEs revealed suppression and
enhancement. We did not detect any compromise in MOQC
activity (in DPOAEs). In an animal model of diabetes,
MOC reflex (in DPOAEs) compromise was demonstrated
after the 25th week in rats without any evidence of hearing
loss, but DPOAE amplitudes did not change.”” Contrary to
previous studies, we did not demonstrate any statistically
significant difference in MOC reflex activity (in TOAESs)
between diabetic patients and controls,'™'®

MOC reflex compromise has been proposed as an carly
warning for an impending complication of diabetes. In our
study, MOC reflex compromise was not detected. We have
found no clinically significant difference between diabetic
patients and the control group. Studies investigating this rela-
tionship have reported confusing results. In an animal study
of diabetes, the authors reported a protective role of insulin
against MOC reflex compromise,” but clinical studies on
insulin-dependent diabetic patients did not reveal such protec-
tion. The use of the MOC reflex to assess the status of a dis-
case is a difficulty faced by such studies.”” To permit clinical
use of CAS as a test of the human MOC efferent system, fur-
ther data must be collected to determine the range of normal
and expected results tor different disorders.

Conclusions

We evaluate the effect of type 2 diabetes on cochlear func-
tion in patients without hearing loss. Although we found
decreased OAL amplitude levels in diabetic patients, there
was no statistically significant difference in OAEs or MOC
reflex. Additional studies are needed to evaluate the role of
OAEs and MOC reflex in diabetic patients.
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