
Page 1/13

Vestibular Nerve Function In Patients With Type 2
Diabetes Detected By Vestibular Evoked Myogenic
Potentials
Jinying Zhang 

Second A�liated Hospital of Fujian Medical University
Jiayu Lin 

Second A�liated Hospital of Fujian Medical University
Huapin Huang  (  zhangjinying1989@163.com )

Fujian Medical University Union Hospital

Research Article

Keywords: Diabetes, Diabetic peripheral neuropathy, vestibular evoked myogenic potentials, Vestibular.

Posted Date: February 21st, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1296202/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1296202/v1
mailto:zhangjinying1989@163.com
https://doi.org/10.21203/rs.3.rs-1296202/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Introduction: Vestibular dysfunction may be present in type 2 diabetes mellitus. This relationship was
frequently observed in diabetic peripheral neuropathy. The present study aimed to evaluate the vestibular
function of diabetic patients and compare the results with those of a healthy adult control group.

Materials and Methods: Patients were asked to complete demographic characteristics form. Moreover,
lipids, fasting plasma glucose, as well as hemoglobin A1C tests, were carried out on them. Both the
patients and control group were evaluated using two vestibular tests including ocular Vestibular Evoked
Myogenic Potential (o-VEMP), and cervical Vestibular Evoked Myogenic Potential (c-VEMP).

Results: The The o-VEMP and c-VEMP showed a signi�cant difference in latencies between the four
groups. oVEMP latency p15 and cVEMP latency (p13, n23) were positively correlated with HbA1c, FPG,
and illness duration, and oVEMP latency n10 was positively correlated with HbA1c and FPG, with
statistically signi�cant differences.

Conclusion: Based on the obtained results, vestibular dysfunctions are related to Diabetes. Patients with
type two diabetes mellitus showed vestibular dysfunctions compared to the healthy control group.

Introduction
Vestibular evoked myogenic potential (VEMP) is an objective method for evaluating the otolithic
apparatus and vestibular nerve conduction pathways in the vestibular system, such as the balloon and
ellipsoid bursa, and is a myogenic potential recorded after stimulation of the otolithic apparatus by high-
intensity acoustic signals.[1] Depending on the placement of the recording electrodes, VEMP examinations
can be divided into cervical vestibular evoked myogenic potential (cVEMP) and ocular vestibular evoked
myogenic potential (oVEMP). The oVEMP re�ects the function of the superior vestibular pathway of the
ellipsoid sac and the cVEMP re�ects the function of the inferior vestibular pathway of the balloon.

Type 2 diabetes is a metabolic disorder characterized by chronic hyperglycemia caused by multiple
etiologies.[2] In China, the proportion of people over 20 years of age with diabetes is reported to be 9.7%
(about 92.4 million people), and the incidence of abnormal glucose tolerance is 15.5% (148.2 million
people).[3] The increasing prevalence of diabetes and diabetic complications have become a major health
problem for Chinese nationals and have imposed a heavy economic burden on society. Diabetes can
cause a variety of clinical symptoms, among which balance dysfunction (dizziness, falls, etc.) is one of
the symptoms frequently complained by patients with this disease. Recent epidemiological studies have
shown that the rate of vestibular impairment in diabetic patients reaches 70%, [4] vestibular impairment
may also be a major factor in diabetic balance disorders.

With the growing recognition of the impact of vestibular impairment on imbalance and falling in diabetic
patients, the detection of diabetic vestibular function has also received attention. Diabetic patients may
develop vestibular dysfunction in the absence of signi�cant vestibular symptoms, which has recently
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been described as "subclinical vestibular neuropathy".[5] In such cases, vestibular lesions can be identi�ed
by objective vestibular diagnostic testing tools, despite the absence of vestibular symptoms in patients
with DM. Previous studies have used electronystagmography instruments to assess changes in
vestibular function using spontaneous nystagmus tests, position tests, head shake tests, neck turn tests,
temperature tests, and visual oculomotor system examinations (gaze test, sweep test, smooth tracking
test) ,[6] but there are limitations due to the examination technique and patient cooperation. At present,
VEMP testing constitutes an important part of the vestibular test battery and provides either diagnostic or
assistive contributions in the clinical evaluation of common vestibular diseases such as Meniere's
disease (MD), vestibular neuritis (VN) and superior canal dehiscence syndrome (SCDS).[7] In this study,
we assessed the vestibular function of diabetic patients by VEMP, analyzed the characteristics of their
vestibular function changes, and investigated the relationship between diabetes and vestibular function
impairment.

1. Materials And Methods
All procedures performed in studies involving human participants were in accordance with the ethical
standards of the insti[1]tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

1.1 Participants

Eighty-nine patients with type 2 diabetes who visited the Second Hospital of Fujian Medical University
from April 2021 to November 2021 were enrolled in this study, including 57 males and 32 females with a
mean age of (53.0±11.9 years). There were 42 cases in the healthy control group, including 23 males and
19 females, with a mean age of (52.3±5.6) years. (for details, see Table 1).The diagnosis of diabetes was
based on the American Diabetes Association (ADA) (2012) diabetes diagnosis criteria.[8]The normal
subjects had no existing/ historical records of any otological disorders, nor any historical or existing
vestibular complaints (such as dizziness, vertigo, nausea). Patients presenting with a history of head-and-
neck injury with limitation of neck movements, a history of head-and-neck surgery, central nervous
system disorders; those presenting with diseases involving external or middle ear, those presenting with a
history of usage of drugs such as ototoxic drugs, antiepileptics, muscle relaxants; those who could not
cooperatewere excluded from the study.The patients gave permission for all of the procedures involving
clinical tests and data collection, with approval by the ethical committee of the Second Hospital of Fujian
Medical University, China. General information including gender, age, body mass index, duration of
diabetes, hemoglobin A1C (HbA1c) , fasting plasma glucose(FPG), blood pressure, smoking history,
triglycerides, total cholesterol, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein
cholesterol (HDL-C) were recorded for all participants.

1.2 Test used

1.2.1 Nerve conduction velocity examination
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All enrolled patients were examined by a neurologist specializing in nerve conduction velocity (Danish
Keypoint electromyography evoked potentials). Diabetic peripheral neuropathy was diagnosed using the
2010 American Diabetes Association (ADA) diagnostic criteria,[9] and the enrolled patients were divided
into 29 patients in the no peripheral neuropathy group (NDPN group), 26 patients in the subclinical
diabetic peripheral neuropathy group (SDPN group), and 34 patients in the con�rmed diabetic peripheral
neuropathy group (DDPN group) according to the above criteria.

1.2.2 cVEMP test

All participants underwent cVEMP testing. Patients were placed in supine position during examination.
Two active electrodes were placed in the upper 1/3 of the SCM on both sides and two reference
electrodes were placed near the sternum or sternum to record the cVEMP, the forehead was used as the
location of the ground electrode. During the recording, the subject was instructed to lift the head from the
pillow so that the sternocleidomastoid muscle contracted and maintained a muscle tension greater than
50 uV. The SCM was activated by elevating the head 20°-30° during the test to keep it in a tonic
contraction state for a certain period of time. VEMP was recorded under bilateral short-acoustic 3-Hz
stimulation conditions with an intensity of 132 dB SPL, a stimulation rate of 5 times/s, band-pass
�ltering of 10-300 Hz, and superimposed 50-100 times.[10] The presence of a VEMP response was
assessed, and the parameters included  latencies (ms) and amplitudes(mV). cVEMP presence was
determined when reproducible short-latency biphasic waveforms appeared at certain latencies. The
latencies of P13 and N23 were measured. The typical cVEMP waveform was bidirectional, with the
positive wave latency near 13 ms, labeled p13, and the negative wave appearing near 23 ms, labeled n23.
The recorded EMG activity was given a correction, and �nally the difference between the two
myopotentials was used, which re�ects the re�ected potential originating from the
balloon.Unreproducible or unrecognizable waveforms were identi�ed as the absence of responses.

1.2.3 oVEMP test

All patients underwent oVEMP testing. Patients were seated, and subjects were instructed to gaze upward
at a target point 60-70 cm in front of the eye at an angle of 25° from their horizontal line of sight when
acoustic stimulation was given, and to keep their gaze at this position throughout the test so that the
extraocular muscles were in an optimal state of tension. The test was completed in a standard
soundproof room with a 0.5 kHz short tone burst, a rise and fall time of 1 ms, a peak duration of 2 ms, a
stimulus intensity of 100 dB nHL, a recording window width of 50 ms, a stimulus rate of 5.1 times/s, and
a cumulative superposition of 300 times. The electrode was placed in the middle of the forehead, the
recording electrode was placed about 1 cm below the midpoint of the inferior orbital rim on both sides,
and the reference electrode was placed 2-3 cm from the recording electrode. oVEMP waveforms were
recorded from the contralateral extraocular muscles after the sound was given on one side. The N10-P15
composite waveform is recorded as negative followed by positive, and the trough with an upward trend is
marked as N10 about 10 ms after the sound is given, and the peak with a downward trend after N10 is
marked as P15. After 3 times of repeated sound giving at the same intensity, the recorded waveform with
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good repeatability is considered to be the oVEMP response waveform. If N10 and P15 are not observed in
the recorded waveform, or the waveform recorded at the same intensity for 3 times is not reproducible,
the oVEMP waveform disappears.[11]

2 Data Analysis
The data were analyzed using SPSS software(Version 26). The quantitative results were presented with
the mean and standard deviation. Data between groups were analyzed by one-way ANOVA, and multiple
comparisons were performed by LSD method. The the elicited rates of o-VEMP and c-VEMP testing were
compared in two groups by chi-square test. The Pearson's correlation coe�cient was used to evaluate the
possible relationships between quantitative data. A p-value less than 0.05 or 0.01 (P 0.05, P 0.01) was
considered statistically signi�cant.

3 Results
3.1 Comparison of general information of the four groups

Information on the subjects from four groups is provided in Table 1. There was no signi�cant difference
between the groups in terms of gender, age and lipids (P>0.05). Compared with the control group, BMI
was at a higher level in the NDPN group and SDPN group, and the difference was statistically signi�cant
(P<0.05). fasting glucose and glycosylated hemoglobin levels were higher in the NDPN group, SDPN
group, and DDPN group than in the control group, and there was a statistically signi�cant difference
(P<0.01). glycosylated hemoglobin (P<0.01) and fasting glucose (P< 0.05) levels were higher than in the
NDPN and SDPN groups, and the duration of diabetes was also longer than in the NDPN (P<0.01) and
SDPN groups (P<0.05), with no signi�cant differences between the NDPN and SDPN groups (P>0.05).

Table 1 Comparison of baseline information of the four groups
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  Control group

 

NDPN group

 

SDPN group DPN group

Number of cases (M/F) 42 23/19 29 19/10 26 15/11 34 23/11

Age (/year) 52.3±5.6 56.1±9.1 51.3±12.8 51.6±13.1

BMI(kg/m2) 22.5±2.11 24.2±3.5# 24.6±2.8# 23.1±3.1

TG mmol/l 1.7±1.1 1.9±1.3 1.8±0.8 1.8±1.5

HDL-C mmol/l 1.3±0.4 1.1±0.3 1.2±0.1 1.3±0.5

LDL-C mmol/l 2.9±1.1 3.0±1.2 3.2±1.0 3.4±1.1

TC mmol/l 4.6±1.4 4.7±1.2 4.7±1.0 5.2±1.4

UA(umol/L) 300.1±88.2 355.7±106.5 308.9±64.4 325.3±89.7

HbA1c(%) 5.6±0.4 8.6±2.1# 8.7±2.1# 10.9±2.5#**

FPG(mmol/L) 5.1±0.5 8.7±3.2# 8.9±3.0# 10.9±4.9#*

Illness duration(/year) - 4.2±4.5# 4.5±5.1# 7.3±5.5#*

F = Female, M = Male; BMI=body mass index; TG=Triglyceride; HDL-C=high-density lipoprotein; LDL-
C=Low density lipoprotein; TC=Cholesterol; UA=Uric acid; HbA1c=hemoglobin A1C; FPG=fasting plasma
glucose; compared to healthy control and NDPN groups, #p<0.01; compared to SDPN group, *p<0.05,
**p<0.01.

3.2 Comparison of VEMP elicitation rates in subjects

A total of 84 ears were used in the healthy control group, of which 80 ears elicited oVEMP, with an
elicitation rate of 95.2%; 82 ears elicited cVEMP, with an elicitation rate of 97.6%. The diabetic group had
262 ears, of which 236 ears elicited oVEMP, with an elicitation rate of 90.1%; 240 ears elicited cVEMP, with
an elicitation rate of 91.6%. By chi-square test, there was no statistically signi�cant difference between
the two groups in oVEMP and cVEMP elicitation rates (oVEMP: χ2=1.54; cVEMP: χ2=2.70, both P>0.05).

3.3 Comparison of oVEMP and cVEMP between the four groups

Regarding oVEMP, the bilateral n10 and p15 latencies were prolonged in the SDPN and DDPN groups
compared with the healthy control and NDPN groups (all P<0.01), and there was no difference between
the bilateral n10 and p15 latencies in the SDPN and DDPN groups (P>0.05). Amplitude did not differ
between the groups (P>0.05). Regarding cVEMP, the bilateral p13 and n23 latencies were prolonged in the
SDPN and DDPN groups compared with the healthy control and NDPN groups (all P<0.01), and there was
no difference between the bilateral p13 and n23 latencies in the SDPN and DDPN groups (P>0.05).
Amplitudes were not signi�cantly different between the groups, as shown in Table 2.
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Table 2 Parameters of elicited cVEMP and oVEMP in four groups.

  Control group

 

NDPN group

 

SDPN group DDPN group

Ln10(ms) 11.3±0.9 10.9±0.9 12.2±1.1# 12.5±1.0#

Lp15(ms) 14.9±0.8 15.1±1.4 17.0±1.0# 16.8±1.2#

LoAmp(uV) 1.8±1.0 1.6±0.7 1.8±1.2 1.8±1.5

Rn10(ms) 11.1±0.8 11.0±1.1 12.2±1.3# 12.5±1.0#

Rp15(ms) 15.1±1.0 15.1±1.3 16.7±1.5# 16.7±1.2#

RoAmp(uV) 1.6±1.2 1.7±1.1 1.6±1.1 1.5±1.0

Lp13(ms) 12.1±0.9 12.3±0.8 13.3±1.5# 13.6±1.6#

Ln23(ms) 21.8±1.1 21.8±1.1 23.6±1.9# 24.1±1.7#

LcAmp(uV) 114.1±58.5 94.6±51.3 90.9±62.3 99.8±46.4

Rp13(ms) 12.1±0.8 12.4±0.8 13.3±1.5# 13.7±1.5#

Rn23(ms) 21.8±1.4 21.8±1.7 23.7±2.1# 24.2±1.6#

RcAmp(uV) 114.6±58.0 82.2±47.0 89.3±42.1 99.0±45.0

L= Left, R = Right; n10=n10 latency, p15=p15 latency, p13=p13 latency, n23=n23 latency; o=ocular
vestibular evoked myogenic potential; c= cervical vestibular evoked myogenic potential; Amp=Amplitude.

3.4 Correlation of HbA1c, FPG, and Illness duration with oVEMP and cVEMP parameters

As shown in Table 3, oVEMP latency p15 and cVEMP latency (p13, n23) were positively correlated with
HbA1c, FPG, and illness duration, and oVEMP latency n10 was positively correlated with HbA1c and FPG,
with statistically signi�cant differences.

Table 3 Comparison of HbA1c, FPG, and illness duration with VEMP parameters
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  HbA1c FPG illness duration

Ln10 0.279** 0.311** 0.125

Lp15 0.492** 0.456** 0.231**

LoAmp 0.102 0.048 0.009

Rn10 0.365** 0.370** 0.244**

Rp15 0.358** 0.369** 0.242**

RoAmp 0.006 0.020 0.071

Lp13 0.201* 0.256** 0.224*

Ln23 0.247** 0.227* 0.381**

LcAmp -0.079 -0.112 -0.031

Rp13 0.242** 0.267** 0.245**

Rn23 0.269** 0.288** 0.326**

RcAmp -0.083 -0.167 -0.069

* P < 0.05.

** P < 0.01.

4 Discussion
In this study, the vestibular function in type 2 diabetic patients was evaluated. The results suggested that
the latency (N10, P15, P13, N23) was prolonged in patients with SDPN group and DDPN group, compared
to the NDPN group and healthy control group. The latency was related to glycemic control and illness
duration.

The maintenance of the body's balance posture requires the combined action of the vestibular organs,
visual senses, and proprioception.[12] The peripheral sensory information provided by the vestibular, visual
and proprioceptive senses is centrally organized and integrated, followed by visual localization via the
vestibulo-ocular re�ex and postural regulation via the vestibulospinal re�ex. The patient's ability to
maintain balance is successively diminished when vestibular function is impaired. Diabetes mellitus may
increase the risk of vestibular impairment.[13] Current studies have also con�rmed the impairment of
vestibular function in diabetes in pathomorphological studies, physiological change studies, and clinical
studies.Perez et al.[14] demonstrated functional impairment of the vestibular portion of the inner ear in the
metabolic state of diabetes using vestibular end-organ testing and a diet-induced type 2 diabetes animal
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model. The study concluded that microangiopathy is the main cause of abnormal vestibular function and
may be related to the cochlear ganglion having a common nerve sheath adjacent to the vestibular
ganglion. Microangiopathy leads to ischemia of the vestibular structures and alters �uid metabolism in
the inner ear, causing symptoms of vestibular hypofunction such as tinnitus, hearing loss, and vertigo in
diabetic patients.[15] In a pathomorphological study, Myers et al. [16] found abnormal changes in the
morphology and structure of the vestibular system in an animal model of diabetes, mainly due to
oxidative stress leading to an increase in lysosomes and fatty granules in ellipsoidal and balloon tissue.
Another study [17] found that diabetes causes degeneration and pathological alterations of vestibular type
I hair cells in the microvascular end organs of diabetic rats, and hyperglycemia-induced metabolic stress
can cause loss of type 1 hair cells in the balloon and cochlear nerve myelinolysis. In addition, vestibulo-
cochlear nerve damage in diabetic rats has been demonstrated, including myelin lamina rupture and
myelin thinning.[18] In a clinical study, Li J et al.[19] suggested that the blood supply to the vestibular end
organs is a single terminal branch that is vulnerable to damageThe early stage of the disease manifests
as peripheral vestibular impairment, which may be related to pathological and physiological alterations in
nerve cells, axons and myelin sheaths due to increased sorbitol, fructose and decreased inositol. In this
study, diabetic patients were grouped according to whether they had combined peripheral nerve damage,
and patients in the SDPN and DDPN groups had vestibular nerve damage, which may be related to
vestibular nerve demyelination injury. 

The detection of diabetic vestibular function has received attention as the impact of vestibular
impairment on balance and falls in diabetic patients has been gradually recognized.Different tests, such
as Pure Tone Audiometry, video Head Impulse Test, Vestibular Evoked Myogenic Potential are used for
the assessment of vestibular function. Ward et al.[20] performed functional localization of vestibular
damage in adults with type 2 diabetes and con�rmed that both cVEMP interpeak amplitude and oVEMP
N1 amplitude were reduced in the diabetic group. A study found that diabetic patients with severe DPN
had more frequent vestibular dysfunction than diabetic patients without DPN (76% vs 49%). [21] kamali et
al. [22] found that cVEMP latency was signi�cantly longer in type 1 diabetic patients with or without DPN,
while amplitude values did not differ between study groups. In their study, prolonged cVEMP latencies
were more common in the DPN group than in diabetic patients without DPN, and they speculated that this
�nding may indicate an association with damage to posterior vagal areas, particularly the vestibulospinal
tract. In addition, diabetic patients may develop vestibular dysfunction in the absence of overt vestibular
symptoms, called "subclinical vestibular neuropathy". In such cases, vestibular lesions can be identi�ed
by objective vestibular diagnostic testing tools, despite the absence of vestibular symptoms in patients
with DM. oVEMP and cVEMP results were evaluated by Konukeven et al.[23] in 30 diabetic patients, 30
prediabetic patients and 31 healthy controls without any central or peripheral vestibular lesions. In their
study, oVEMP and cVEMP latencies were signi�cantly longer in diabetic patients than in prediabetic
patients and healthy controls, but there were no differences in amplitudes between the groups. The
prolonged latency may be due to post-vagal demyelinating lesions or polyneuropathy, which is common
in type 2 diabetes. In the present study, compared with healthy controls and NDPN group, the latencies of
n10 and p15 of oVEMP and P13 and N23 of cVEMP were prolonged in the DPN group, which is a
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signi�cant difference and supports the above-mentioned idea of "subclinical vestibular neuropathy".
VEMP seems to be more meaningful in the detection of subclinical lesions. Cochlear vestibular
impairment is slow to develop, and patients adapt to reduced vestibular function through visual and
proprioceptive compensation to maintain body balance,[24] with insidious clinical symptoms. The
damage to vestibular function caused by hyperglycemia is easily overlooked during diabetes treatment,
delaying vestibular function recovery.

Current studies on the effects of diabetes duration and glycemic control on vestibular function are
inconsistent. In a study by Agrawal et al.[25], it was concluded that longer duration of diabetes or higher
glycosylated hemoglobin levels resulted in a higher incidence of vestibular dysfunction.Ward et al.[20]

concluded that duration of diabetes and glycemic control were not signi�cantly correlated with vestibular
impairment. In this study, we found that the duration of diabetes and glycemic control may correlate with
vestibular damage, and the latency period was prolonged with increased glycosylated hemoglobin and
fasting glucose levels, suggesting that poor glycemic control exacerbates vestibular impairment. The
sample size of this study was relatively small, and further expansion of the sample size is needed for
validation.

In conclusion, there is an increasing number of studies that consider vestibular function impairment as
an important complication of diabetes mellitus, leading to balance dysfunction in diabetic patients and
seriously affecting the quality of life. [26, 27] By studying the characteristics of vestibular function changes
in diabetic patients, it is bene�cial to increase the understanding of diabetic vestibular impairment,
provide a basis for early detection and rehabilitation of diabetic vestibular impairment, reduce the
incidence of falls in diabetic patients, and improve the quality of life.
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