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Vestibular diseases due to glucose metabolic disorders
(GMD) are controversial issues in the medical literature
because of lack of objective measures to define cause-effect.
Aim: To describe the results of Sensory Organization Test
(SOT) in dizziness patients presenting GMD and treated
with proper diet. Study Design: Retrospective. Material
and Method: Twenty-one dizziness patients presenting
GMD and treated with proper diet. To assess the balance
function, the patients underwent the Sensory Organization
Test from Computerized Dynamic Posturography. Results:
The vestibular condition in SOT – V condition – and the
equilibrium score (ES) were the two parameters improved
in GMD patients treated with proper diet. Conclusion:
SOT is a useful test to assess balance control in GMD patients
presenting dizziness.
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INTRODUCTION

Even though it has been described for a long time in
the literature, the effect of glucose metabolic disorders
(GMD) over the cochlear-vestibular system is still reason for
discussion among inner ear investigators. One of the reasons
for such disagreement lies in the impossibility of observing
in vivo histopathological affections to the labyrinth, a situation
that limits the investigation of the topic. The confirmation
of higher prevalence of GMD in patients with cochlear-ves-
tibular disorders when compared to the general population
1-4 is only indirect evidence of its importance in clinical
manifestations presented by these patients.

It seems logical that the labyrinth system, which
depends on continuous supply of energy 5, suffers influenced
of the circulating levels of glucose and hormones, which
depend on the generation of energy by ATP. Literature data
estimate that the occurrence of GMD is between 42% and
80% in patients with tinnitus and dizziness 2, 6, 7, whereas 2.5
to 15% of the population presents asymptomatic
hypoglycemia 4 or some affection of glucose tolerance cur-
ves 6. In Brazil, GMD have already been considered the
most frequent cause of labyrinthic dysfunctions of metabolic
etiology 7, and according to a recent survey in our population,
they were documented by clinical history and fast glucose
levels in 13% of the patients with vestibular symptoms 1.

The reluctance of some researchers in accepting that
GMD may be a causal factor of balance disorders is lack of
objective documentation of its direct implication in the
genesis of vestibular problems. In a clinical review on the
topic, Rybak8 reinforced the need for objective demonstration
of the influence of GMD over the functioning of inner ear,
even though it is difficult to deny the symptomatological
improvement once the right diet is recommended.

Among GMD currently accepted as responsible for
labyrinthic affections we can include glucose metabolic
disorders such as diabetes, reactive hypoglycemia and
hyperinsulinemia 9-11.

Upon reviewing the basic literature, we can see that
secondary symptoms to hypoglycemia are divided into
neuroglicopenic symptoms (drop in concentration of glucose
in the central nervous system - CNS), which comprises mental
confusion, fatigue, convulsions, loss of consciousness and
behavioral changes, and autonomic symptoms, which include
adrenergic manifestations such as palpitations, tremors and
anxiety together with cholinergic manifestations,
characterized by sudoresis, paresthesia and hunger sensation
12. Moreover, other symptoms as referred, such as “empty
head”, or absence of them in cases of chronic hypoglycemia
13. Classically, the diagnosis of hypoglycemia is made by the
Whipple triad: symptoms compatible with hypoglycemia,
plasma glucose low concentration, and relieve of symptoms
after increase in plasma glucose concentration 12.

The first scientific document to relate glucose

metabolic dysfunctions and inner ear affections was made
by Jordão in 186414, who observed a correlation between
sensorineural deafness and diabetes and defined a link
between hearing loss and hyperglycemia. In 1960, glucose
was finally recognized as one of the main elements in the
maintenance of good functional inner ear activity 15. From
then on, many authors documented vestibular cochlear
affections secondary to diabetes mellitus and
hyperinsulinemia 9,17-19.

Experimental Evidence
The labyrinth is particularly sensitive to small variations

of glucose and insulin plasma levels and the best evidence
of this fact is the presence of insulin receptors in the
endolymphatic sac 20 and glucose transporters in stria
vascularis 21. Hypoglycemia, that is, the presence of high
levels of insulin, interfere in the enzymatic activity responsible
for the maintenance of endocochlear potential 9, 22. An
objective demonstration of GMD in the vestibular organ of
rats by means of evoked potentials was recently published
by Perez et al .18.

In cases of diabetes mellitus, the abnormalities
histologically observed are microangiopathy and peripheral
neuropathy, responsible for difficulty in extremity blood flow
and irregular supply of glucose 1. Some authors related
minimum cell affections and functional commitment of cen-
tral labyrinthic pathways as complications of initial diabetes
mellitus, which do not present correlation with neuropathy
or microangiopathy 10,17,19.

The importance of aerobic metabolism of glucose in
maintenance of endolymphatic potential has already been
experimentally documented 23. Even though hair cells may
use other substrates to maintain the endolymphatic potential
such as glutamate, piruvate and fumarate, none of them is
as efficient as glucose 24, 25. It may also be detected by the
presence of glycogen in stria vascularis but this alternative
source of energy does not support the high demand required
to maintain this potential in the absence of glucose 26.

The importance of the presence of glucose in
maintaining energy levels in the inner ear may be observed
by the facilitated form of access, through the scala
vestibularis, probably through blood-perilymph barrier 27.
The probable transporter is GLUT-1, present in large
quantities in stria vascularis and dark cells, areas of high
metabolic activity 21,28.

The true role that insulin performs in the operation
of the inner ear is still obscure. Its interference in cochlear
microphonics has already been known for decades 15 and
according to some recent studies, insulin seems to be related
to protein synthesis and not to glucose uptake 29.

Clinical Documentation
The onset of Computed Dynamic Posturography

(CDP) has complemented the classical battery of tests
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for otoneurological diagnosis and opens a new line of
investigation of dizziness in patients that present
complaints related to body balance not diagnosed by the
conventional test battery. It is a computed system that
allows isolation and quantification of the participation of
vestibular, visual and somatosensorial information, as well
as sensorial integration, in maintaining body balance. The
basic test run by CDP, Sensory Organization Test (SOT)
provides information about organization and coordination
of the motor response evoked by stimuli received in
supine position 3.

The device has a reference surface in which the
patient stands up. This plan has pressure sensors that are
activated depending on weight variations over the points of
the foot in response to body displacement. The reference
surface is surrounded by a mobile visual field, as if it were a
telephone booth, which suffers anterior-posterior
displacement, varying visual information.

Its use is particularly important as a follow-up test,
which allows follow-up and assessment of the results of a
specific treatment devised 30.

OBJECTIVE

Our objective was to report the serial results of the
Sensory Organization Test in the follow-up of patients with
GMD treated with scheduled diet and glucose restriction.

MATERIAL AND METHOD

Retrospective descriptive study of 21 cases of patients
with body balance disorders and GMD seen in the ambulatory
of Otoneurology, Department of Otorhinolaryngology,
FMUSP.

Based on clinical suspicion of GMD and normal fast
glucose levels, patients were asked to undergo 3-hour
glucose tolerance curve with insulinemia. For clinical diagnosis
of GMD, we considered clear correlation between episodes
of dizziness and food intake, headache, instability, persistent
feeling of empty head, need to take sweet foods and family
history of diabetes.

The normal range considered for the glucose-insulin
curve were second-hour glucose above 145mg/dl; glucose
level below 55mg/dl any time in the exam; fast insulin above
50U/ml, and sum of 2nd and 3rd insulinemia above 75U/
ml3.

All patients were submitted to otoneurological
assessment that included clinical history, ENT examination,
cranial nerve test, cerebellar tests, electronystagmography
(ENG), and computed dynamic posturography before and
after treatment.

Based on diagnosis of GMD we recommended diet 11

during a period of 40 +/-10 days. Diet instructions are shown
in Table 1.

During the study we did not use any type of drug
that could affect the vestibular system.

We considered as studied variables the results obtained
in the 6 conditions studied by the Sensory Organization Test
of the Computed Dynamic Posturography, as well as the
final equilibrium score (ES).

Statistical analysis of means obtained was made using
t Student test. The level of significance was p<0.05, according
to the standard adopted in biological studies.

RESULTS

Our sample comprised 5 men and 16 women, mean
age of 41.55 years and SD of 16.48 years.

Means before and after diet were 91.49+/- 1.65 and
93.84 +/- 1.68 for condition 1 (t=0.02, p>0.05); 86.43 +/-
0.94 and 90.61 +/- 5.46 for condition 2 (t=0.11, p>0.05); 86.47
+/- 8.7 and 90.92 +/- 6.18 for condition 3 (t=0.00, p>0.05);
69.61 +/- 16.29 and 79.96 +/- 8.62 for condition 4 (t=0.00,
p>0.05); 48.81 +/- 16.35 and 66.79 +/- 11.13 for condition 5
(t= 4.63, p<0.05*); 47.71 +/- 19.01 and 60.48 +/- 14.82 for
condition 6 (t= 0.004, p>0.05); 66.6 +/- 11.12 and 77.15 +/-
18.36 for equilibrium score (t= 9.37, p<0.05*). Variation was
significant for condition 5 and equilibrium score (ES).

The variation of means obtained before and after the
diet can be observed in Graph 1. The better the balance,
the closer to 100%.

As to falls, we detected reduction of number of falls
in 4 patients after the diet started, whereas two patients did

Table 1. Diet guidelines provided to patients diagnosed with
glucose metabolic disorders.

• The diet should be divided into 3-hour intervals. Make smaller
and more frequent meals.

• Regular white sugar should be replaced by sweetener.
• Replace regular rolls for diet, light or gluten bread.
• The effects of fruits such as grapes, figs and papaya should be

carefully watched because they are rich in carbohydrates.
• Smoking and alcohol intake are forbidden.
• Caffeine should be restricted to 250 mg/day, that is, 3 small

cups of coffee. As an alternative, decaffeinated coffee can be
taken - 6 small cups a day.

• Soft drinks should be diet, but cola-like and guarana soft drinks
are not allowed because of high caffeine content.

• Chocolate, black tea and mate should be avoided because they
are CNS stimulants.

• Physical activity is highly recommended. In addition to relieving
stress, it helps in lipid metabolism and circulation, positively
interfering in vestibular rehabilitation. Walking is the best option.
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not fall in the first exam, but fell in the second exam. There
was no statistically significant difference between the groups
(t= 0.05, p>0.05).

DISCUSSION

Our main purpose in this project was to present
quantitative data concerning the effects of scheduled diet
with glucose restriction to treat patients with GMD. This
interest was triggered by previous studies in which we
detected high prevalence of GMD in our ambulatory
population who had cochlear-vestibular symptoms1,2.

Our routine includes fast glucose as screening test for
all patients that present cochlear-vestibular complaints;
however, if there is suggestion of GMD, we order 3-hour
glucose-insulinemia curve. We have noticed that when the
history is suggestive of the disorder, almost all cases present
curve abnormalities and even in the absence of laboratory
data, the clinical history prevails and the diet is started,
producing satisfactory results in most cases. In fact, we
observed clinical improvement in almost all patients in our
study, plus qualitative gain confirmed by quantitative
improvement documented by CDP.

Based on different experimental trials on the effects
of glucose over the inner ear, we can not deny that it is a
fundamental element in the generation of endocochlear
potential 20-23. However, there were some questions about
potentiality of GMD as etiological factor of symptomatology
related to body balance. So far, acceptable clinical
manifestations such as those suggestive of reactive
hypoglycemia, for example, comprise neuroglicopenic and
autonomic symptoms, such as mental confusion, fainting,
palpitations, sudoresis, etc 12. Some authors from the clinical
area, however, accept that hypoglycemia may lead to the
well known sensation of empty head, which many people
with GMD refer as dizziness, even though they may be
completely asymptomatic 13.

According to Fukuda22, the consumption of sucrose
(refined sugar) has increased significantly in recent decades
and our bodies have not had enough time to adapt to the
ingested high amounts. The result of this inappropriate intake
is hyperinsulinemia with consequent reactive hypoglycemia
and symptoms such as headache, sleepiness, dizziness, etc.
There may be episodes of vertigo with tinnitus, classical
symptoms of Ménière syndrome, resulting from water
retention and increase in endolymphatic pressure. In such
cases, there are the common complaints of fluctuation,
imbalance and oscillopsy in the period in-between crises.
GMD may occur at any age, but it seems to be more
prevalent in middle-aged women as confirmed by our
sample.

Used as a good follow-up tool, CDP has proved to be
a useful instrument to document variations of body balance
that result from treating the patients 30. The main conditions

that assess vestibular function are those that allow oscillation
of the platform of force, that is, conditions 4, 5 and 6. In
these situations, the physiological oscillation of the gravity
center of the body displaces the support surface with body
balance and forces the patient to use vestibular information
to correct the ankle angle to avoid falling. In this situation,
the vestibular system is an afferent system whose precision
of information has impact over body stabilization. It happens
because vestibular information is more reliable in view of
the environment that provides conflicting afferent information
when compared to visual and proprioceptive information 31,
32. This characteristic of the exam can be observed in Figure
1, which presents results of CDP of one of the treated cases.
Condition 5 is the situation that best assesses the vestibular
system alone, considering that the patients are over a free
platform and do not have visual information - similarly to
standing up in a boat with closed eyes. It is the condition
that presented statistically significant variation before and
after treatment, which strongly suggests that the vestibular
system is the most affected in GMD.

It can be observed in Graph 1 that situations that
provide oscillation of platform present greater variation
before and after the diet. This improvement can be observed
in the significant improvement of the final equilibrium score
(ES), which corresponds to the weighted measure of all
assessed situations. These findings state the impact of
treatment in global sensorial organization and the
improvement in body stability previously affected by vesti-
bular dysfunction. Based on these data, we can infer that
the restoration of vestibular function is sufficient condition
to make clinical symptomatology disappears.

As to falls, we observed reduction of number of falls
after treatment, even though it was not significant. This
impact over falls can be directly related with appropriateness
of vestibular information, considering that when compared

Graph 1. Variation of final means for each condition of CDP obtained
in patients with GMD before (inferior part) and after (upper part) of
diet. Perfect balance is considered 100%, whereas zero represents
decrease. Significant values are marked (*).
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to visual and proprioceptive systems, the vestibular system
presents smaller latencies in triggering action potentials. This
physiological characteristic is indispensable condition in the
process of sensorial integration that determines body
stabilization in erect position in situations that require reflex
posture corrections, in view of variations of support surface
and/or environmental light. The non-significant reduction of
falls may be related to the small sample and we believe that
it would have been statistically different if the studied sample
had been larger.

CONCLUSION

We concluded that the Sensory Organization Test
proved to be a useful tool in documenting improvement of
body balance in patients with GMD submitted to scheduled
diet with glucose restriction.
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