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Evaluation of the auditory brainstem response test in patients
with type 2 diabetes mellitus

Abstract

Background: Hearing loss is an unknown complication of diabetes mellitus (DM). The
aim of this study was to evaluate hearing function using auditory brainstem response
(ABR) in diabetic patients.

Methods: The present case-control study was performed on thirty diabetic patients as a
case group and thirty healthy individuals as a control group. Baseline demographic
information, HbAlc level, and duration of diabetes were obtained from all diabetic
patients. In all subjects, the ABR and pure-tone audiometry (PTA) tests were performed
and the results were analyzed using the t-test and logistic regression.

Results: The absolute latency of | was significantly lower in diabetes patients. The
absolute latency of 111 and the interpeak latencies (IPL) I-111 were significantly higher
in diabetic patients. No significant relationship was noticed in the absolute latency of V
and the IPL I-V among diabetic patients in the right and left ears (P>0.05).
Conclusion: The results of this study suggested that diabetes may cause central auditory
dysfunction manifested on the absolute latency of Ill, the IPL I-111 and 111-V.
Keywords: Hearing loss, Diabetes mellitus, Auditory brainstem response, Interpeak
latencies, Pure-tone audiometry.
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Diabetes mellitus (DM) with hyperglycemia is the consequence of impaired insulin
secretion and insulin function or both of them (1). Type 2 diabetes also called non-
insulin-dependent diabetes or adult-onset diabetes includes people who are insulin
resistant or insulin-deficient (2). The global prevalence of DM is extremely high and is
projected to increase from 382 million in 2013 to 592 million in 2035 (3). The studies
have shown that hearing problems (average hearing threshold greater than 25 dB in the
worse ear) are an unknown complication of DM. The prevalence varies from 34. 4 to
60.2%in different studies (4, 5).

Clinical features include sensory-neural hearing loss similar to the age-related
hearing loss (6). The pathogenesis of morphologic disorders in type 2 diabetes is directly
related to hyperglycemia, but there are increases in diffuse thickness in the cochlear
bacillary membrane, although has not yet been confirmed (7). Changes in the vascular
endothelium and contraction of the smaller vessels of the inner ear lead to hypoxia and
hearing loss (8, 9).

The most common complication of diabetes is neuropathy, which can lead to a delay
in the excitatory potential in the central pathways (10). Until diabetic neuropathy
develops, diabetics have normal hearing function. However, once nerve damage sets in,
this leads to progressive hearing loss with subsequent hearing loss (11). The auditory
brainstem response (ABR) is a simple and non-invasive method for detecting early
disorders of the auditory nerve and central nervous system pathways.
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The ABR test is the recording of the simultaneous
response of a large number of neurons in the lower part of
the auditory pathway and can electrophysiologically reveal
any lesion from the auditory nerve to the brainstem to detect
subclinical types and central neuropathy in diabetic patients
(12).

Involvement of the cochlea and eighth nerve has been
observed in the progressive sensory-neural hearing loss in
diabetic patients (13). Previous studies have shown that the
sensory-neural hearing loss occurs at higher frequencies in
diabetes patients (14-16). However, the relationship
between DM and hearing loss remains controversial (17).
This study was performed to find possible involvement of
the brain stem among the diabetic patients. Therefore, the
aim of the present study was to evaluate the ABR test in the
diabetic patients.

Methods

This study was performed on thirty diabetic patients (30-
55 years old) that referred to the Endocrinology and
Audiology Clinics of Ayatollah Rouhani Hospital. Thirty
healthy individuals were also selected as a control group.
Subjects with the history of ear problems, long-term noise
exposure, ototoxic medications, history of stroke, head
injury, surgery on the ear, family history of deafness, and
patients treated with medications that may affect central
nervous system function (e.g., methyldopa, reserpine,
phenytoin, antipsychotics, antidepressants) were excluded
from the study.

Information on age, gender, last HbAlc level, and
duration of diabetes was collected from all diabetic patients.
Otoscopy  (Richter, German) and low-frequency
tympanometry (MADSEN zodiac 901, 226Hz) were
performed to rule out any perforation of the tympanic
membrane, infection, and other middle ear diseases. Then,
the pure-tone audiometry (PTA) (MADSEN Astera) was
performed at frequencies of 250-8000 Hz. All subjects with
the hearing thresholds more than 25 DbHL excluded from
the study.

The ABR (Integrity,Vivosonic Inc.) responses were
recorded using the click stimulus and the intensity levels of
click were 20-70 dBnHL. Then the absolute latencies of I,
Il and V, the amplitude ratio of V/I, the interpeak latency
(IPL) 1-V, I-H11, 11-V were collected.

Statistical analysis: Data were collected separately for
each ear. Comparison between groups was performed using

the t-test and linear regression with a confidence level of
95%. All data were analyzed using Statistical Package for
the Social Sciences 24 (SPSS, Inc., Chicago, IL, USA; IBM
Corp., Armonk, NY, USA).

Results

32 (53.3%) of the sixty participants in this study were
women, including 17 (56.6%) with diabetes and 15 (50%)
without diabetes. Twenty-eight (46.7%) of the sixty
subjects were men, including 13 (43.3%) with diabetes and
15 (50%) without diabetes. The gender distribution was
similar between the two groups.

21 (70%) of diabetic patients were treated with tablets
and 9 (30%) with insulin.

Sixteen (53.3%) of diabetes patients had duration of
disease less than 5 years and 14 (46.7%) of diabetic patients
had duration of disease more than 5 years. The mean total
duration of diabetes in all diabetic patients was 7.03 + 6.41
years. The mean HbALc of the diabetic patients was 7.07+
0.80. The parameters of the ABR test were evaluated using
the t-test between two groups to investigate the relationship
between diabetes and the ABR parameters. The results are
shown in table 1.

The results of the above table indicated that the
parameters related to the absolute latency of I, I11, and IPL
I-11l showed a significant difference between the two
groups. The absolute latency of | was lower in the diabetic
patients’ group than in the control group (p<0.05) and the
absolute latency of 111 in the control group was lower than
in the diabetic patients” group (p<0.05). The IPL I-111 in the
diabetic patients’ group was greater than in the control
group (p<0.05).

There was no significant difference in the absolute
latency of V and the IPL |-V between the two groups in both
ears, but there was a significant difference in the V/I ratio
between the two groups in both ears (p<0.05). A significant
difference in the IPL I11-V was observed between the two
groups in the right ear (p<0.05), while there was no
significant difference in the left ear. A significant difference
was observed for the PTA between the two groups in the left
ear (p<0.05), while no significant difference was observed
for the PTA between the two groups in the right ear. Linear
regression test was performed for each parameter to
evaluate the variables of diabetes, gender, and age. The
results are illustrated in table 2.
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Tablel. Comparison of the ABR parameters between the diabetes patients and control groups

Parameter

Diabetes patients group (meanzSD)

Control group

95% confidence interval

Latency wave
I right ear

Latency wave
| left ear

Latency wave
I right ear

Latency wave
1 left

Latency wave
V right ear

Latency wave
V left ear

(mean£SD)
right 1.39+0.15 1.51+0.04 <0.001
Wave |
left 1.40+0.19 1.52+0.05 0.002
ight 3.64+0.22 3.46%0.05 <0.001
Wave Il
left 3.60+0.22 3.49+0.04 0.007
right 5.49+0.36 5.60+0.11 0.14
Wave V
left 5.53+0.34 5.61+0.12 0.19
LT right 2.25+0.21 1.95+0.07 <0.001
left 2.19+0.16 1.96+0.06 <0.001
] right 4.434£5.92 1.93+0.27 0.024
V/I ratio
left 6.05+9.24 1.98+0.32 0.019
right 4.01+£0.52 4.08+0.11 0.46
IPL I-V
left 4+0.54 4.10+0.13 0.31
right 1.93+0.45 2.14+0.11 0.019
IPL 111-V
left 1.96+0.45 2.13+0.12 0.061
right 12.53+6.46 10.16+2.06 0.061
PTA
left 12.87+6.38 9+2.03 0.002
IPL: interpeak latency, PTA: pure tone average, SD: Standard Deviation.
Table2. Linear regression test for the absolute latency of I, 111, and V
Non-standard coefficient Standard coefficient P-value .
Lower limit
Diabetic -0.116 -0.457 <0.001 -0.178
Sex 0.027 0.107 0.37 -0.033
age -0.017 -0.063 0.60 -0.082
Diabetic -0.106 -0.34 0.010 -0.184
Sex 0.046 0.147 0.23 -0.031
age -0.045 -0.141 0.27 -0.128
Diabetic 0.175 0.477 <0.001 0.086
Sex 0.008 0.021 0.85 -0.079
age 0.036 0.095 0.43 -0.056
Diabetic 0.123 0.357 0.008 0.034
Sex 0.062 0.178 0.161 -0.025
age 0.001 0.004 0.97 -0.092
Diabetic -0.104 -0.190 0.16 -0.252
Sex 0.073 0.134 0.31 -0.072
age 0.016 0.028 0.84 -0.140
Diabetic -0.077 -0.150 0.281 -0.220
Sex 0.034 0.065 0.627 -0.105
age -0.030 -0.056 0.691 -0.179

Upper limit
-0.054
0.088
0.048
-0.027
0.123
0.037
0.263
0.094
0.129
0.212
0.149
0.095
0.045
0.218
0.171
0.065
0.173
0.120
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A significant relationship was found between the
absolute latency of I and 11l among diabetes patients in both
ears. The absolute latency of | and Il in the diabetic
patients’ group was lower than the control group, but no
significant relationship was found between the absolute
latency of V in both ears based on the linearity regression.
There was no significant relationship between the absolute
latencies of I, 111, and V with gender and age.

Linear regression test indicated a significant relationship
between the IPL I-111 and diabetes in both ears (p<0.05).
There was a significant relationship between the I/V ratio
and diabetes only in the right ear (p<0.05). No significant
relationship was seen between IPL 1-V and diabetes in both
ears. There was no significant relationship between IPL I-
11, 1-V and I/V ratio with gender and age. The results are
represented in table 3.

The linear regression test demonstrated a significant
relationship between IPL 111-V and diabetes only in the right
ear (p<0.05). In addition, there was a significant
relationship between the PTA and diabetes only in the left
ear (p<0.05). There was no significant relationship between
IPL I11-V and the PTA with age and gender. The results are
displayed in table 4.

The T-test was performed to investigate the relationship
between the duration of diabetes and the parameters of the
ABR test. The results are presented in Table 5. The results
of the above table revealed that there is no significant
relationship between the duration of diabetes more than 5
years and the parameters of the ABR test and the PTA
(p>0.05). There was also no significant relationship
between the duration of diabetes less than 5 years and the
parameters of the ABR and the PTA (p>0.05).

Table 3. Linear regression test for the IPL I-111, I-V and V/I ratio
Non-stgr)dard Stan_dgrd p-value 95% confidence interval
coefficient coefficient Lower limit  Upper limit
Diabetic </YAA AN <ofee) Y VARAX
IPL I-111 right ear Sex VAR VARE </YYA VAR VAR
age /+08 JATY /Y AA YA N WALl
Diabetic WARRY ATy <ofoe) Ve /Y AA
IPL I-111 left ear Sex VARV -o/a XY HJAYY VAR /4
age oYY VALY JYVY YA YA
Diabetic Y/any WARE: v VYA o/Y 0
VI ratio right ear Sex -+ /VEA -r /2 AY /840 VAR V/EYe
age SV/AYA YRR Yo S£/YV1 JEVA
Diabetic v/ /Yov o/+07 -o/+ 4% v/ YE
V/I ratio left ear Sex -+/EVT =4[+ Yo /YA -Y/aey Y/o
age AR /Yoy /Y04 RYASR o/ATY
Diabetic -+/e ¥4 VAR /E87 - /YAY ARRS
IPL I-V right ear Sex VAR ERVARY VATAS -+/YEA ALA
age VAR VAR oATY YA YT
Diabetic SVARYA SVARN UARR VAR VARYA
IPL I-V left ear Sex SVARN' SVALS! </YYA SVARRY /v AT
age YN YA & JAYA _v/Yto YN

IPL: interpeak latency
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Table 4. Linear regression test for the IPL 111-V and the PTA

Non-stgr_ldard Stan_d:_:lrd p-value 95% confidence interval

coefficient coefficient Lower limit Lower limit
Diabetic SSVARD SVARA VAR - /YAY -+/)4
IPL I11-V right ear Sex VARD VAL VAR VAR «/YAo
age YN YN | JAAY _/NaY VA4
Diabetic SVARE VAR /A0 VAR /oYY
IPL I11-V left ear Sex of e e o[+ A4 ofo.Y SVARKS /YYA
age <ofoe) YA /a4y - /)4y VAR
Diabetic \TARA Y ARK S /EAS £/VYV
PTA right ear Sex ALE o/ €7 AN -Y/\ye Y/Ve
age aTA WAL NN SV/YAQ \AAR
Diabetic \VARR VARR! /Y JYYA o/Y 4
PTA left ear Sex A /4 4Y EEN SV/EAA \ARE
age Y/1va /You /v g0 o/ TA °/Y4.

IPL: interpeak latency, PTA: pure tone average.

Table 5. Relationship between the duration of diabetes and parameters of the ABR test and the PTA

Less than 5 years More than 5 years

parameter [E— (mean=SD) P-value
right VARERVARN V/EY £ /AT g4
Wave |
left V/YA £ /Y40 V/E¥ 4+ /Y0 /o)
right AVARS=-RVAR R Y/ £ /XY /oY
Wave Il
left AVASIERVAR X \ASERYARF /314
right o/eY £ «/Yon O/¢A £ /YA «/VAA
Wave V
left o/oV £ «/YVo 0/0v 4 +/YVE SV
right UVARERVARA) AVARECRVARS! ¥Yo
IPL I-111
left AR RYART- YA £ «/YYA MY
right £/79 £ T/AY $/YY £ 0/YY JAY
V/I ratio
left T/ £ VY/¢) o/YY £ o/oY JTEA
right AVANESRVAR Y £/00 £ 1 /YYVE /A4
IPL I-V
left §/4) £ «/AVY Y/A9 4 +/EYY /a0y
right AVERERVATE VS ERVALT WARE:
IPL 111-V
left Y/« £ +/0V4 V/AT £ +/YAS /yed
right YY/VY £ 0/4VY YY/FY LY/ «JAAY
PTA
left YY/AE £ 7/0VY YY/AQ £ T/AYA JAAE

IPL: interpeak latency, PTA: pure tone average, SD : Standard Deviation.
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Discussion

The ARB test is an essential tool for detecting any lesion
of the auditory nerve and the brainstem among the diabetes
patients (18). The results of the present study suggested that
the absolute latency of | was significantly decreased in the
diabetic patients’ group. On the other hand, the absolute
latency of 11l and IPL I-11l were higher in the diabetes
patients than the control group. The IPL I-1ll is often
considered a measure of the peripheral conduction time
from the 8th nerve to near the cochlear nucleus and the
results of the current study indicated disruption of this
conduction time. These results coincided with the results of
the study conducted by Kiran BS et al. (2022) that found the
increased of the absolute latency of wave Il and IPL of I-
111 waves in the diabetes patients group compared to the
control group (19).

The absolute latency of 111 is produced by nerves near the
cochlear nucleus and the increase in which indicates
involvement at the surface of the brainstem. The cochlear
nerve is innervated directly from the 8th nerve through the
inner ear canal, which may account for the observed
disturbance in the absolute latency of Il1l. Neilson et al.
(1966) and Makishima et al. (1971) showed the central
neuropathy based on the degeneration of the brain and
atrophy of the cochlear ganglion in diabetes patients. they
concluded that microangiopathy of stria vascularis was a
major cause of the central neuropathy in these patients (7,
20). Makishima et al. demonstrated that medial rotation of
the cochlea was associated with demyelination of the eighth
cranial nerve in diabetes patients (7).

The results of our study indicated no significant
differences in the absolute latency of V and the IPL I-V
between the two groups, but a significant relationship was
observed between the I/V ratio and diabetes in the right ear.
The wave V is generated by the nucleus of the inferior
colliculus in the midbrain. Moreover, the current study
found that the IPL 111-V significantly increased in the right
ear of diabetic patients. These findings revealed that the
brain stem pathway from the superior olivary complex to
the inferior colliculus was damaged in the right ear of the
diabetic patients.

In a study by Batham et al. (2017), the absolute latency
of V and the IPL I-111 were significantly higher in diabetic
patients with duration of disease more than 5 years than in
diabetic patients with duration of disease less than 5 years
in the left ear. They found no significant relationship in the
right ear (21). In our study no significant relationship was
observed between the duration of diabetes more than 5 years
and the parameters of the ABR test in both ears. Abo-
Elfetoh et al. (2016) reported the elevation of the parameters

in the ABR test among the diabetic patients compared with
the control group. their findings confirmed the central
neuropathy (22). Huang et al. (2010) and Al-Azzawi and
Mirza (2004) found a significant increase in IPL I-11l and I-
V, but they did not observe a significant increase in IPL I11-
V. Their findings were similar to the results of our study.
Involvement of the lower and upper brainstem in the
diabetic patients is mainly associated with an increase in the
central conduction time (23-25).

Bhattarai et al. (2016) reported that all parameters related
to the ABR test except IPL I11-V were higher in diabetic
patients than in the control group (26). Akinpelu et al.
(2014) observed that the absolute latency of V significantly
increased in diabetic patients (27). Mahalik et al. (2014)
reported an increase in all parameters of the ABR test. The
increase in IPL 111-V and absolute latency of | was bilateral
and the increases in absolute latencies of I1ll, V, IPL I-111
and I-V were unilateral (8). Some previous studies have
shown that the hearing impairment in diabetic patients is
related to the duration of diabetes (28, 29). Baweja et al.
(2013) found no significant relationship between the
duration of the diabetes and the parameters of the ABR test
(30). Samatra et al. (2020) reported significantly increased
absolute latency of V in the diabetic patients with the
duration of disease more than 5 years. The other parameters
of the ABR test were also increased in the patients with
longer duration of diabetes although this increase was not
significant (31).

On the other hand, the patients in our study had a mean
HbAlc value that was slightly higher and relatively good
for diabetic patients compared with the control group,
indicating that the patients had relatively good diabetes
control. Sushil et al. (2016) reported that the absolute
latency of I, IPL I- I1I, I-V, and Il -V significantly
increased in the diabetic patients with poorly controlled
diabetes compared with the patients with well-controlled
diabetes (32).

Samatra et al. (2020) demonstrated that patients with
poorly controlled diabetes had more elevated the ABR
parameters although this relationship was not significant
(31). We found no significant difference in the absolute
latency of V and the IPL 1-V between the two groups in both
ears, so it is possible that our diabetic patients did not have
complete progression of the nerve damage because of the
good glucose control and relatively moderate average
duration of diabetes. The absolute latency of wave V is
produced by the terminal nuclei of the central auditory nerve
pathway, which may indicate that nerve damage progresses
gradually from the primary to the terminal nucleus (30). In
the current study we found the hearing threshold of diabetic
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patients was higher than the control group in both ears, but
this finding was significantly higher only in the left ear.
Mahalik et al. (2014) observed no significant difference in
the PTA between the diabetic patients and control groups at
all frequencies (8). Bhattarai et al. (2016) reported that the
PTA in the diabetic patients’ group was significantly higher
than the control group at all frequencies (26).

Akinpelu et al. (2014) demonstrated that the pure tone
audiometry thresholds were higher in diabetic patients for
all frequencies but were significantly more at 6000 and 8000
Hz. They observed that the PTA threshold was mostly
below 30 dBHL in the type 2 diabetes, although it was
slightly higher at higher frequencies. This means that the
diabetic patients are less likely to be affected by hearing
loss. However, these mild degrees of hearing loss may be
exacerbated by other conditions that effect on the hearing.
However, hearing thresholds at lower frequencies were
found within the normal or mild range of hearing
impairment in both the diabetic patients and control subjects
and therefore may not have clinically significant effects
(27). The results of the study showed that diabetes can
involve the brain stem manifested in the ABR test including
the absolute latency of wave Il1 and IPL I-111 and I11-V. Our
results indicated involvement of the central auditory system
in diabetic patients. Signs of hearing threshold impairment
were also noted in diabetic patients. The results of the
present study point to the importance of performing hearing
assessments in diabetic patients.
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