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Abstract

N1 and P1 (Table 6).

Objectives: To evaluate the role of ocular vestibular evoked myogenic potentials (0VEMP) in diagnosis of vestibular
abnormalities among patients with type 2 diabetes mellitus (T2DM).

Methods: Eighty T2DM patients were selected for the study plus a group of 30 normal non-diabetic individuals. Both
groups were assessed regarding oVEMP latency and amplitude.

Results: There were statistically significant differences in the latencies of N1 and P1 in patients with DM in com-
parison to controls in both the right and left ears although there was no significant difference between both groups
regarding the amplitude of N1 and P1. We found that there were statistically significant differences in the latencies of
N1 and P1 in patients with DPN in comparison with patients without DPN. Also, we found that there was no signifi-
cant relation between duration of diabetes and VEMP latency. According to type of treatment, there was significant
difference between diabetic patients on insulin therapy and those on hypoglycemic medications regarding latency of

Conclusion: In patients with type 2 DM receiving primary health care, who are not seeking medical care due to
sensory or balance decline, utricular function may be impaired even without history of falls.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic dis-
ease of multiple etiologies. It is characterized by chronic
hyperglycemia resulting from disorders in the metabo-
lism of carbohydrates, proteins and fats, due to in insulin
insufficiency and resistance [1]. Microvascular complica-
tions of T2DM include retinal, renal, and possibly neu-
ropathic disease. Macro-vascular complications include
coronary artery and peripheral vascular disease. Diabetic
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peripheral neuropathy (DPN) affects autonomic and
peripheral nerves [2]. The diabetic metabolic changes can
cause auditory, vestibular or mixed symptoms. [3]. Sev-
eral studies have revealed alterations in auditory brain-
stem evoked potential in individuals with T2DM showing
prolonged latency of waves (III and V) [4]. Glucose level
in diabetic individuals leads to increased latency and
decreased amplitude of the P300 component, suggesting
a dysfunction in the central auditory system [5].

In relation to the vestibular system, it is observed that
T2DM patients have increased prevalence of changes
in the peripheral vestibular system. Several auditory
evoked potentials (AEPs) have been successfully used
in determination of functional impairment in diabetic
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patients [4, 5]. Ocular vestibular evoked myogenic
potentials (0VEMP) is a utricular function test that
records the myogenic potentials through surface elec-
tromyography electrodes placed beneath both eyes in
response to bone conducted vibration of the head or air
conducted sound [6]. The aim of the present work is to
evaluate the role of ocular vestibular evoked myogenic
potentials (0VEMP) in diagnosis of vestibular abnor-
malities among patients with T2DM.

Subjects and Methods

This cross-sectional study was conducted at Mansoura
University Hospitals. The study protocol was approved
by the local Institutional Review Board (Approval num-
ber: 127/4; date: April, 11, 2018) and all subjects signed
written informed consent before participation in the
study. The study included 80 T2DM patients diagnosed
according to the American Diabetes Association crite-
ria [7]. In these patients, diagnosis of DPN was made
according clinical findings and nerve conduction veloc-
ity abnormality for at least two nerves; one of which
must be sural nerve [8]. Patients were excluded if they
had central nervous system disorders, diseases involv-
ing external or middle ears, history of head-and-neck
injury, history of usage of vestibulotoxic or ototoxic
drugs, blindness, poor neck range of motion and his-
tory of occupational and recreational noise exposure.
In addition, there were 30 age and sex matched healthy
subjects who served as controls. Upon recruitment, all
participants were subjected to careful history taking,
thorough clinical and otological examination and basic
audiological including pure-tone audiometry, speech
audiometry and immittancemetry.

Assessment of ocular vestibular evoked myogenic
potentials (0VEMPs)

During stimulation, the patient is instructed to elevate
his eyes and fixate on the target. This upward gaze posi-
tion has shown to be the most appropriate way for the
tonic activation of the extraocular muscle for recording
oVEMPs. There were 3 recording electrodes: (1) reference
electrode: placed beneath the eye, (2) active electrode:
placed on the chin and (3) ground electrode: placed on
the forehead. The used signal amplification ranged from
50,000 to 100,000 x . Measurements are taken from the
contralateral electrode. For all of the recorded traces, at
least two consecutive averages were recorded from each
side to verify reproducibility. The positive and negative
peaks were identified according to their latencies, fol-
lowed by measuring the amplitude of the wave from peak
to peak [9, 10].
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Statistical analysis

Data obtained from the present study were expressed as
number and percent, mean and standard deviation (SD)
or median and range. Comparison between categorical
data was achieved using chi-square test while numeri-
cal data were compared using t test or Mann—Whitney
U test. p value less than 0.05 was considered statistically
significant. Statistical analysis was performed using SPSS
version 22 (IBM, USA).

Results

This cross-sectional study was conducted on 80 T2DM
patients and 30 age and sex matched healthy controls.
Both groups were assessed regarding VEMP latency and
amplitude. We found that there was statistically signifi-
cant differences in the latencies of N1 and P1 between
the control and study groups in both right and left ears
(Table 1) . Also, there was significant difference between
cases and controls regarding amplitude of nl but there
is no significant difference between cases and control
regarding amplitude of P1 as illustrated in (Table 2). In
addition, we found that there were statistically significant
differences in the latencies of N1 and P1 in patients with
DPN in comparison with patients without DPN in both
the right and left ear (Table 3). There was no significant
difference between both groups regarding amplitude of
N1 and P1) (Table 4).

Also, we found that there was no significant rela-
tion between duration of diabetes and VEMP latency
(Table 5). According to type of treatment, there was sig-
nificant difference between diabetic patients on insulin
therapy and those on hypoglycemic medications regard-
ing latency of N1 and P1 (Table 6).

Discussion

In the present study, we found that there is higher preva-
lence of impaired vestibular function in T2DM patients
represented by marked delay in latency (N1 and P1)
and amplitude (N1) in both ears in comparison to non-
diabetic individuals that was concomitant with previous

Table 1 comparison between study and control group as
regards latency of N1-latency of P1 in Rt and Lt ear
Groups p value
Control group DM group
Latency Right N1 10.89%+.49 11.81+£1.12 <0.001*
P1 11.98 +.66 13.97+1.29 <0.001*
Left N1  10.86+.43 11.52+1.25 0.01*
P1 11.93+.54 13.54+2.28 0.001*

Data expressed as mean =+ SD* significance < 0.05 Test used, Student’s t-test
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Table 2 comparison between study and control group as regards amplitude of N1 and amplitude of P1in Rt and Lt ear
Groups p value
Control group DM group
Amplitude Right N1 0.530(0.130-0.910) 0.290(0.020-1.020) <0.001*
P1 0.380(0.020-1.220) 0.340(0.090-0.770) 0.8
Left N1 0.520(.170-1.260) 0.315(0.060-1.620) 0.001*
P1 0.260(0.040-1.100) 0.440(0.090-1.200) 0.16

Data expressed as Median(Range) P, Probability* significance < 0.05 Test used Mann whitney test

Table 3 difference between diabetic patients with peripheral
neuropathy and those without neuropathy as regards latency of
(N1&P1)

Latency Diabetic Neuropathy Pvalue
-ve +ve

Right N1 11.09+0.69 12.30+£1.09 <0.001*

Right P1 13.11+£1.05 14.55+1.10 <0.001*

Left N1 10.72+0.98 12.16£1.07 <0.001*

Left P1 12.91+0.94 14.05+2.80 0.047*

Data expressed as mean % SD SD, standard deviation, P, Probability *,
significance <0.05 Test used, Student’s t-test

Table 4 Difference between diabetic patients with peripheral
neuropathy and those without neuropathy as regards amplitude
of (N1 &P1)

Amplitude  Diabetic Neuropathy p value
-ve +ve
Median(Range) Median(Range)
Right N1 0.270(0.020-0.800) 0.300(0.090-1.020) 0.085
Right P1 0.370(0.180-0.650) 0.340(0.090-0.770) 0.96
Left N1 0.290(0.060-1.620) 0.330(0.090-0.870) 0.3
Left P1 0.440(0.110-1.200) 0.380(0.090-0.860) 0.5

Table 5 Relation between duration of DM and latency of oVEMP

Duration of diseases p value
1-5yrs 5-10yrs >10yrs
Right N1 11.48+1.09 12.06+.98 1211+£1.92 0.14
Right P1 13.52+143 1430+1.02 14.50+1.48 0.06
Left N1 11.17+1.31 11.88+1.10 11.84+1.21 0.1
Left P1 12.88+2.83 14.28+1.32 13.93+1.16 0.086

studies. Konukseven et al. [11] found oVEMP responses
to be significantly delayed in patients with T2DM when
compared with prediabetic patients and healthy controls.
Also, Ward et al. [12] determined that 50% of T2DM

Table 6 Relation between type of treatment in diabetic patients
and latency of oVEMP

Type of treatment p value

Oral Insulin

Latency
Right N1 11.56+1.01 12.18+1.20 0.039*
Right P1 13.52+1.24 14.64+1.07 0.001*
Left N1 11.11+£1.18 12.20+1.06 0.001*
Left P1 13.34+£1.12 13.87+£1.02 0.03*

participants had abnormal oVEMP results for at least
one of the otolith organs, either the utricle or the saccule.
Delayed oVEMP latencies in individuals with diabetes
may be indicative of a neuropathy similar to the neuro-
vascular damage seen in DPN, where prolonged latencies
in nerve conduction studies are considered diagnostic.
This is supported by our finding that in patients compli-
cated with DPN, we found marked delay in latency and
high prevalence of absent oVEMP. This finding agrees
with Agrawal et al. [13] who concludes that patients
with severe DPN had 76% chance of having vestibu-
lar dysfunction. On the other hand, our results disagree
with Minnaar [14] as he found no significant difference
between cases and control as regards latency and ampli-
tude of oVEMP this conflicts may be due to small sample
size, different age groups or quiet small range of latency.
In the current study, we found that 28% of patients
(n=23) had absent oVEMP in right ear and 30% (n=24)
had absent oVEMP in left ear in agreement with the find-
ings of Minnaar [13] who found that 74.1% of T2DM par-
ticipants had absent oVEMPs. In our study, there was no
significant relation between disease duration and latency
although it is noticed that the more the duration of the
disease the more absence of oVEMP. This agrees with
Agrawal et al. [13] who found that the prevalence of ves-
tibular dysfunction increases significantly with longer
disease durations.

Additionally, in the present study we found that there
is significant difference in latency between patients on
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insulin therapy and their counterparts on oral hypo-
glycemic medications but no difference as regarding
amplitude. Delayed latency in patients on insulin therapy
indicates utricular affection in those patients. Vestibu-
lar disturbances due to hyperglycemia may be central or
peripheral [15]. On the peripheral level, DM causes loss
of type 1 hair cells in the saccule [16] and lysis of the mye-
lin of the vestibulocochlear nerve. An overproduction of
extracellular matrix and a higher incidence of lysosomes
and lipid droplets in the connective tissue of the utricle
and the saccule were registered [16]. In addition, mus-
culoskeletal degeneration may affect test results because
DM causes altered glucose metabolism in peripheral tis-
sues, such as muscle and adipose tissues [17]. Murofush
and colleagues [18] illustrated that damage only to the
vestibular nerve may be insufficient for oVEMP latency
prolongation beyond the normal range, and brainstem
lesions, especially those in the vestibulospinal tract, are
required for the prolongation of oVEMP latency, and dis-
turbances in vestibular tests in diabetic patients supports
the presence of anomalies in the central system. So from
our study, we suggest that the utricular and the superior
vestibular neural pathways are affected by DM which is
supported by Ward et al. [12] who found that all parts of
the vestibular system may be affected by diabetes.

Conclusions

In patients with T2DM patients who are not seeking
medical care due to sensory or balance decline, utricular
function may be impaired even if no history of falls was
reported.
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