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OBJECTIVES : The purpose of this study was to evaluate the ERP P300 in
non insulin dependent diabetes mellitus (NIDDM) patients without cognitive
impairment and the relationship with clinical variables, the presence of retinopathy and previous hypoglycemic episodes.
METHODS : NIDDM patients (N=44) without evidence of cognitive impairment
and controls (N=17) were studied clinically and with ancillary exams and the
ERPs P300 were recorded. Patients were examined clinically and with the Folstein Mini-Mental Examination (MMSE) for cognitive function and all patients
showed a score higher than 26 (maximal value=30). Previous hypoglycemia
was evaluated through a questionnaire establishing the number of episodes
and the symptoms of hypoglycemia in a scale scoring from zero to 15.
RESULTS : ERP P300 latencies were significantly higher in NIDDM patients
than in controls (p<0.03). ERP P300 measures were significantly related to
age (Pearson, p<0.01) and not to metabolic variables, disease duration or the
presence of retinopathy. Severity of hypoglycemia was not associated to ERP
P300 latency.
CONCLUSIONS : Our study supports the evidence that NIDDM patients, without
signs of nervous system involvement, have ERP P300 alterations and this is
not related to retinopathy, metabolic variables or previous hypoglycemic episodes. Chronic hyperglycemia may alter brain glucose transport and increase
tolerance to hypoglycemia effects in the nervous system.
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Introduction
The chronic course of diabetes is frequently associated to severe nervous system (NS) complications such
as brain hemorrhages, ischemia associated to vascular pathology, peripheral and autonomic neuropathy
[1,2,3]. More subtle changes in the central NS can frequently move forward without perception [4]. Chronic
hypertension, high cholesterol level, cardiac dysfunction and toxic effects of hyperglycemia are some factors
contributing to central NS alterations [5,6,7]. Other
factors as disease duration, age, exercise and co-morbid
conditions may influence cerebral complications and
cognitive function [8,9,10].
The optimum control of diabetes has been recommended in an attempt to prevent or delay microvascular and neuropathic complications [11]. Hyperglycemia
has been associated to increased cerebral damage in
stroke [12] and on the other extreme, it is well established that states of hypoglycemia can induce severe
brain damage [13,14,15]. Adding further controversy
to the subject, evidences indicate that chronic hyperglycemia can alter brain glucose transport and tolerance to hypoglycemia [16,17,18]. Previously, studies indicate that episodes of hypoglycemic coma have not
always been associated to permanent impairment of
cognitive function in IDDM patients [19,20,21]. Cognitive function can be slowly and unrecognizably impaired in assymptomatic adults and recently, with increasing more strict controls of glucose levels, it is
important to understand if deterioration of cortical
function will prevail over time.
Event-related potential (ERP) P300 auditory evoked
potential measure reflects the speed of neural events
related to attention and short term memory [22,23,24].
Increase in ERP P300 latency has been associated
to abnormalities in psychometric tests in diabetic patients [23,24]. Recognizing assymptomatic cerebral
dysfunction and the modifiable risk factors influencing cognitive changes can put forward preventive treatment in diabetes. To verify undetected NS involvement
in diabetic patients, we studied the measure of ERP
P300 latency and its relationship to clinical and metabolic variables.

We have studied a population of diabetic patients
without clinical evidences of cognitive impairment or
cerebral dysfunction. Inclusion criteria were good control of diabetic conditions, no previous history of neurological events, cardiovascular complications or signs
of brain damage on CT scan. Patients from fifth to
seventh decade independent of gender were included.
The use of medications as sedatives, antidepressives
or neuroleptics was considered an exclusion criterium.
Patients with history of recent infectious disease were
also excluded. Most individuals were on regular insulin
therapy or on oral hypoglycemic drugs for diabetic control. A clinical examination for cognitive function and
a Brazilian version of the Minimental State Examination (Folstein) (MMSE) were performed. All patients
included in the study had normal cognitive function
and a score above 26 (maximal value=30). Ancillary
tests for diabetes and metabolic function were performed before testing. Cardiac function was established as normal after clinical and EKG examination in
all individuals. There were no peripheral signs of vascular or neural pathology. Patients were tested through
ophthalmoscope examination for the presence of retinopathy. Patients were questioned whether they had
any episodes of hypoglycemia and whether they needed
any help during the episodes. NIDDM patients were
grouped according to having none (group 1), less than
five (group 2) or more than five (group 3) hypoglycemic
episodes. A scale scoring from 0 to 15 about hypoglycemic symptoms (Table I) was also used for evaluation.
Both types of evaluation were used to compare with
P300 measures.
The ERPS were recorded with Neuropack Σ Evoked
Potential Measuring System (Nihon Kohden).
Blood tests were all performed within 8 days of ERP
P300 measure. Hearing was evaluated before testing
and the stimuli at 40 dB normal hearing level, used in
the present study, were sufficient in sensation levels for
Table I . Questionnaire of severity of symptoms of
hypoglycemia (scores from 0 to 15)
SYMPTOMS
YES (1)
Sweating
Trembling
Warmness
Palpitations
Tiredness
Dizziness
Confusion
Lack of Concentration
Light-Headedness
Weakness
Hunger
Speech Disorder
Double Images
Nausea
Paresthesias
Total Score

NO (0)

SCORE
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the previous neurophysiological tests. To obtain ERPs,
the conventional technique with an acoustic ball paradigm was used [25]. Two types of tone, 2000Hz (target one) and 1000 Hz (target two), were delivered binaurally in random order at a rate of 0.5Hz and with
a probability of 0.2 for the target tone through headphones at 40 dB normal hearing level (2ms rise/fall,
20ms plateau). After having the patients listen to the
non-target and the target stimulation and acknowledge the difference between them, they were required

to press a switch when noticing the infrequent target
tones with their eyes open. Neural responses from the
two types of stimuli were recorded separately at the
Fz, Cz and Pz electrodes, (International 10–20 system)
with the ear lobe and the forehead serving as the reference and the ground respectively. Electrode impedance was at 5kΩ and the filter band at 0.1–50 Hz. Trials with artifacts were excluded from the averages. The
total number of stimuli was set at 30. Among neural
response, recorded from the Cz electrode, the highest

Table II. Clinical profile and ancillary examinations of NIDDM patients and controls

Age (years) (Min–Max)
Mean±SD
Disease Duration (years) (Min–Max)
Mean±SD
Gender (Male/Female)
Body Mass Index (Min–Max)
Mean±SD
Glucose (Min–Max)
Mean±SD
Glycosylated hemoglobin (Min–Max)
Mean±SD
Cholesterol (Min–Max)
Mean±SD
Triglycerides (Min–Max)
Mean±SD
High Density Lipoprotein (Min–Max)
Mean±SD
Low Density Lipoprotein (Min–Max)
Mean±SD

NIDDM Patients (N=44)

Controls (N=17)

38–75
58.84±8.4
2–41
10.52±7.97
12/32
20–40
28.66±4.18
81–354
182.68±69.04
5.1–13.5
8.28±2.09
107–334
209.23±45.83
71–1206
235.64±214.93
24–64
38.5±9.04
67–197
130.15±32.74

43–69
56.53±8.09
–
2/15
20–43.6
28.35±5.98
73–103
88.65±9.62
4.3–8.0
5.74±0.95
144–306
222.76±51.41
86–617
194.41±129.30
17–71
41.71±13.45
58–238
141.31±50.97

Table III. ERP P300 measures in NIDDM patients according to the presence of retinopathy
and to the number of episodes of hypoglycemia
Groups (Number)

ERP P300 values (Min–Max)
Mean±SD

296–450
366.59±35.63
Controls (n=17)
302–368
343.38±17.97
NIDDM patients without retinopathy
304–450
(N=36)
369.83±35.78
NIDDM patients with retinopathy
296–406
(N=8)
352.00±33.16
NIDDM without hypoglycemic episodes
314–418
(N=11)
359.64±30.92
NIDDM < 5 hypoglycemic episodes
296–450
(N=10)
371.40±46.46
NIDDM >5 hypoglycemic episodes
304–418
(N=9)
361.33±37.24
NIDDM without hypoglycemic episodes
314–418
(N=11)
359.64±30.92
NIDDM with any hypoglycemic episodes
296–450
(N=19)
366.63±41.50

Statistical Analysis
Test, significance

NIIDM Patients (N= 44)

228

Student’s t Test, p<0.03*

Student’s t Test, p<0.20

ANOVA, F= 0.227, p<0.277

Student’s t Test, p<0.314

P300 evoked potential in NIDDM patients

Figure 1. ERP P300 in NIDDM
patients (n=44) was significantly
different from controls (n=17)
(Students t test, p<0,03).

positive peak between the potentials between 250 ms
and 500ms was identified and its latency was measured
as a neurophysiological parameter.
The local Ethics Committee approved the study.

Statistical analysis
Parametric data are expressed as mean (SD). ERP
P300 measures and clinical and laboratory values were
compared using a Pearson correlation test. To compare
ERP P300 measures between groups, ANOVA followed
by Bonferroni test or Students t test were used. Significance was established at p<0.05.
Results
A total of 44 patients were evaluated clinically and
through the ERP P300 measure. Seventeen assymptomatic individuals without known pathology were matched
by age and tested as controls. Table II expresses clinical characteristics and results of blood tests of NIDDM
patients and controls. ERP P300 measures were related
to age (Pearson, p<0.001) and not to disease duration,
glucose levels, triglycerides or cholesterol.
Diabetic patients had significantly higher ERP P300
latency than controls (Student t-test, p<0,03) (Fig. 1).
The presence of retinopathy did not influence ERP
P300 latency (Table III). There was no difference in
ERP P300 latency between groups of diabetic patients
regarding the frequency or severity of previous hypoglycemic episodes (Table III). Patients without any history of previous hypoglycemic episodes showed a trend
for lower values of the ERP P300 latency however, this
difference was not significant (Table III).

Discussion
In this study, only individuals with good glucose
control, normal cognitive function defined by a score
greater than 26 with the MMSE and without other
signs of NS involvement were included. NIDDM patients showed significantly higher latencies of ERP
P300 than controls (Student’s t test, p<0.01). P300
measures were related to age both in NIDDM patients

and controls and age is probably the most important
isolated factor influencing the ERP P300 latency.
The presence of retinopathy did not influence ERP
P300 latency although other studies have indicated a
trend for higher latencies in IDDM patients with retinopathy [8].
In NIDDM patients, improvement of P300 latency
by treatment has been demonstrated [26]. Toxic effects
of chronic hyperglycemia and the long-term benefits of
near normalization of glucose levels in diabetes have
been also well established [4,11,17]. Deleterious effects
of hypoglycemia in the nervous system have been well
documented [27,28]. Previously, studying IDDM patients, hypoglycemia did not influence ERP P300 latency [21] and this is in agreement with other studies
that suggest that IDDM patients are more resistant
to the deleterious effects of hypoglycemia in the
brain [18,19,20]. Brain susceptibility to hypoglycemia
may be influenced by previous exposure to hypoglycemia and chronic hypoglycemia may increase the
threshold for brain detection of abnormal glucose levels [29,30,31,32]. It remains to be proved whether
the hazards of undesired hypoglycemia will prevail
over time in NIDDM patients making potential protective therapy decisive for the development of brain
impairment [33]. Our evidence does not corroborate
the chronic deleterious effects of accidental hypoglycemia in the nervous system, in agreement with other
evidences from the literature reported from IDDM patients[19,21]. Hypoglycemia has undeniable potential
lethal effects on the brain but the point is that chronic
diabetic patients may develop a different metabolic approach. The increasing use of intensive insulin therapy
will put forward this subject as a major issue for diabetic patients.
Controversy remains regarding the complex risk
factors involved in the determination of brain damage
in diabetes. Toxic metabolic substance as polyols, lactate, cerebral edema, ionic change or vascular pathology may play a more decisive role in chronic undetected
brain damage in NIDDM patients.
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