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Abstract 

Assessment of the condition of the vestibular system 

based on videonystagmography tests 

in patients treated for diabetes 

Introduction 

Diabetes is the first non-communicable disease to be recognised as an epidemic 

of the 21st century in a resolution passed by the United Nations. The World Health 

Organisation estimates that by 2045, the number of people living with diabetes worldwide 

will have risen to 783 million. The number of diabetics in Poland is currently estimated 

at 2,677,000 patients. Long-term diabetes leads to complications that affect many organs. 

The organs affected by diabetes complications include the inner ear. The link between 

diabetes and an increased risk of hearing impairment has been repeatedly demonstrated 

in the available literature. Much less studied in diabetic patients is the picture of disease-

induced changes in the vestibular part of the inner ear, as evidenced by the few papers 

presenting sometimes divergent results. Dizziness affects approximately 17-30% of the 

adult population and 8-18% of children, and its prevalence increases significantly after 

the age of 65. In a large proportion of cases, it is caused by changes in the vestibular 

system.  Numerous studies worldwide are constantly searching for associations of the 

occurrence of dizziness with chronic diseases and metabolic disorders. The worrying 

epidemiological data in diabetes prompted the author to address this topic in his research 

work.  

Aim of paper: 

The aim of this study was to determine the condition of the vestibular organ in 

a group of patients treated for diabetes mellitus, based on videonystagmography, and to 

evaluate individual videonystagmography tests in relation to selected clinical parameters 

(age, gender, place of residence, addictions, BMI), the course and treatment of diabetes 

mellitus, the presence and type of diabetes complications, the presence of comorbidities 

and the results of hearing tests. An additional objective was to assess the impact of 

vestibular dysfunction, as detected by videonystagmography, on the risk of falls in 

patients treated for diabetes. 
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Materials and methods 

The study was conducted on a group of 120 randomly selected patients, treated for 

diabetes, under the care of the Diabetes Outpatient Clinic. Of these, 57.50% (N=69/120) 

were women and 42.50% (N=51/120) were men. The average age was 64.2 years. More 

than half (N=66/120) of the respondents were residents of cities with over 100,000 

inhabitants, 18.33% (N=22/120) of the respondents came from smaller towns and 26.67% 

(N=32/120) of the total lived in rural areas. Patients with known CNS disorders, cancer, 

severe cardiovascular and respiratory failure, infectious diseases, psychiatric diseases, as 

well as pregnant and lactating women were excluded from the study. Based on the case 

history, information was obtained on the subjects' record of dizziness, tinnitus and 

a history of falls. Hearing organ assessment was performed by means of tests: tonal 

audiometry, impedance audiometry and otoacoustic emission tests. The assessment of the 

vestibular organ was carried out using videonystagmography. During the 

videonystagmography examination, a gaze stability test, static position tests, dynamic 

position tests - Dix-Hallpike manoeuvre and Paganini-McClure manoeuvre, a tracking 

test, a saccade test, an optokinesis test and caloric tests were performed. The obtained 

results were subjected to a statistical analysis.  

Findings 

The study group included 80% (N=96/120) of patients with type 2 diabetes and 

20% (N=24/120) with type 1 diabetes. The average duration of the disease in the study 

group of patients was 13 years. Among the respondents, 7.5% (N=9/120) declared that 

they were not taking medication, using only dietary treatment. 54.16% (N=65/120) of the 

examined patients were treated with oral preparations. Insulin therapy was used in 

19.17% (N=23/120) of patients. Combination treatments were used in 19.17% 

(N=23/120) of patients. Among the patients, 58.33% (N=70/120) met the criteria for well-

adjusted diabetes, based on the measurement of HbA1c, with a level of 7%, In 50 

subjects (41.67%) the glycated haemoglobin was above the target level indicating good 

glycemic control. Among the examined, 78.33% (N=94/120) declared the presence of 

dizziness. In 45.74% (N=43/94) of the subjects with complaints, the dizziness was 

categorised as non-systemic and in 29.78% (N=28/94) of the subjects it was systemic. In 
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24.47% (N=23/94), the examined reported complaints of a mixed nature. The same level 

fall in the last year was reported by 32.50% (N=39/120) of the patients. Hearing loss was 

found in 30.83% (N=37/120) of the studied patients. In the performed 

videonystagmography tests, abnormal results were observed in 88.33% (N=106/120) of 

the subjects. The most frequently observed abnormalities were hyporeflexia, found in 

45.83% (N=55/120) of subjects, and abnormalities in the tracking test, found in 42.50% 

(N=51/120) of subjects. Nystagmus was observed least frequently in positional trials, 

found in 3.33% (N=4/120) of the examined, and abnormal fixation index, found in 5.00% 

(N=6/120) of subjects. In the gaze stability test, spontaneous nystagmus was present in 

7.50% (N=9/120) of patients. In static position trials, nystagmus was observed in only 

3.33% (N=4/120) of the examined. Slightly more frequently, 5.83% (N=7/120) of the 

subjects had a positive Dix-Hallpike test, Visual tests performed on the subjects revealed 

abnormal results in 55% (N=66/120) of the diabetic subjects. The most common disorder 

concerned the tracking test, which was abnormal in 42.50% (N=51/120) of the subjects. 

The percentage of abnormal results in the saccade test and optokinesis test, were 28.33% 

(N=34/120) and 22.5% (N=27/120), respectively. The saccade test proved to be the most 

differential in relation to the course of diabetes and its complications in the study group. 

There was a statistically significant correlation between an abnormal saccade test score 

and the presence of microangiopathy (p=0.043). When analysing saccade test results in 

relation to individual complications and comorbidities, there was a statistically significant 

relationship between an abnormal saccade test score and the presence of retinopathy 

(p=0.006) and hyperlipidaemia p=0.029).  

Statistically significant differences in the level of total caloric response were noted 

for the disease duration, the level of diabetes compensation and the presence of 

complications. Significantly higher total caloric response scores were found in subjects 

with diagnosed neuropathy (p=0.004), subjects with HbA1c > 7% (p=0.034), and those 

with diabetes for longer than 11 years (p=0.048). Based on the results, it can be assumed 

that long-term diabetes, HbA1c > 7% and the presence of neuropathy may attenuate the 

suppressive effect of the central nervous system on the activity of the vestibular system. 

Based on the studies of other authors, it can be assumed that this is due to decreased 

GABA concentration in cerebellar cortex neurons caused by long-term hyperglycemia.   
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Analysing all the results of the tests performed, vestibular dysfunction of the 

central type predominated in the study group, accounting for 61.67% (N=74/120) of the 

overall subjects. Features of damage to the peripheral part of the vestibular organ were 

found in 15.83% (N=19/120) of the total subjects, and damage of a mixed type was found 

in 10.93% (N=13/120) of the total subjects. 

Videonystagmography tests revealed a significantly higher prevalence (p=0.006) 

of reduced vestibular system excitability in the caloric test among urban residents. 

Hyporeflexia affected 53.41% (N=47/88) of urban residents, as compared to 25% 

(N=8/32) of rural respondents. Mean values of unilateral weakness in the caloric test were 

significantly higher (p=0.030) in urban residents (M=19.25, Me=14.6) than in those living 

in rural areas (M=11.73, Me=8.9), and canal paresis was present in 28.41% (N=25/88) of 

urban residents compared to only 6.25% (N=2/32) of rural residents. The vestibular 

system findings are reflected in the higher prevalence of dizziness in urban residents, 

which was found in 80.68% (N=71/88), compared to 71.88% (N=23/32) living in rural 

areas. This may indicate a deficient effect of the urban environment on the functioning of 

the vestibular organ. 

Imbalances are a major cause of falls.  A fall in the last 12 months occurred in 

41.05% (N=39/94) of patients reporting dizziness. No falls were reported in patients 

without dizziness. Falls were observed significantly more frequently (p=0.045) in those 

with systemic dizziness and daily dizziness. In the study group of patients, there was 

a statistically significant correlation between the occurrence of falls and the presence of 

macroangiopathy (p=0.013). These findings suggest a significant impact of dizziness and 

vestibular dysfunction in increasing the risk of falls in diabetic patients. However, there 

was no statistically significant correlation of past falls with the results of individual 

videonystagmography tests. It is reasonable to assume that vestibular organ status is 

therefore not an independent risk factor for falls in diabetic patients. Dizziness as a cause 

of falls is also due to the presence of other concomitant factors, the presence of diabetes 

complications and the pharmacotherapy used.  

The results showed a significant impact of diabetes on the function of the 

vestibular system, especially its central part, and the occurrence of associated imbalances. 
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However, the exact pathomechanism of this phenomenon requires further research. 

Videonystagmography is a useful tool for assessing changes in the balance system in the 

course of diabetes and its complications. Individual videonystagmography tests, and in 

particular the saccade test, may also have predictive value in detecting developing 

diabetic complications.  

Conclusions 

1. In the study group of patients with diabetes, vestibular dysfunction in 

videonystagmography tests was found in 88.33%. Central vestibular dysfunction was 

present in 69.81% of the subjects, 17.92% had peripheral vestibular dysfunction and 

12.26% had  mixed vestibular pathology.   

 

2. The saccade test was the most differentiating in the group of patients with diabetic 

complications. Abnormal saccade test results were significantly more frequent in 

people with retinopathy, and this test may have predictive value in relation to the 

occurrence of microangiopathy complications in diabetes.  

 

3. In long-term diabetic patients, in patients with HbA1c > 7% and in patients with 

neuropathy, significantly higher responsiveness of the vestibular system was 

observed, which may be due to the lack of suppression of the vestibular organ by the 

central nervous system.   

   

4. Vertigo and diabetic complications of macroangiopathy were significant risk 

factors for the incidence of falls in the study group of diabetic patients.  

 

5. Patients with diabetes living in urban areas were significantly more likely to have 

impaired vestibular system excitability and higher mean values of canal paresis. 

Dizziness and vertigo were also found to be more frequent in this group. This may 

indicate an adverse effect of the urban environment on the condition of the 

vestibular organ.   

 


