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Abstract: P3 component of the endogenous cerebral evoked response is
a sophisticated, objective and quantitative approach to assess higher
functions of the brain. This test was employed using auditory 'odd ball'
paradigm to assess cognitive functions in thirty non insulin dependent
diabetic patients (NIDDM) aged 43.6 ± 9 yrs with poor blood glucose control.
(HbAlc. 9.9 ± 1.0%). The peak latencies of N2, P3 components of event
related evoked potentials obtained in these patients were compared with
30 age and sex matched non diabetic healthy controls. Latencies of these
potentials were; N2 =248.0 ± 36.3, P3 =391.6 ± 49.9 msec in NIDDM as
compared to 220. 6 ± 26.4, 326.2 ± 26.8 msec in controls and were highly
significant (P<O.OOl). The duration of disease, blood glucose level or the
physical parameters of height, weight and blood pressure did not show
any correlation with N2 or P3 latencies or amplitude. These findings
provide an electrophysiological evidence of delayed cognition in poorly
controlled NIDDM cases.
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INTRODUCTION

Nervous system involvement in diabetes
mellitus has been amply documented.
Electrophysiological studies have objectified
the peripheral nervous system (1, 2, 3, 4),
and CNS damage caused by diabetes both
in patients and experimental models (5, 6).
Higher brain functions have not been
properly monitored in diabetic patients due
to non-availability of biological markers for
assessing higher associative brain activity
such as message comprehension and
mnemonic capacities. Important detectable
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changes in the higher cognitive functions
apppear to occur more frequently in
diabetics than commonly believed. The
psychometric tests so far employed do show
a decreased attention and fine motor skills
in diabetic subjects (7, 8, 9) but these tests
lack objectivity and may be influenced by a
number of psychosocial variables i.e.
personality style, self rated depression,
behavioral pattern, educational background.
Hence, they are unlikely to be related to
underlying brain damage (10) and reflect
nonspecific effect of living with a chronic
life threatening disease (11).
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With the advent and wide application
of non-invasive, more objective and
quantitative evoked potential testing
procedure, now it is possible to investigate,
quantitatively assessing higher cognitive
human brain functions, using endogenous
event related evoked potentials. These
potentials express the aptitude of the human
brain to discriminate, classify, decide and
memorise the significance of an exogenous
stimulus (or even) purposely presented to
the subject being tested (12, 13, 14). Among
these endogenous potentials, the P300 (or
P3) wave has been identified as a late
cortical neurophysiological event, reflecting
the activity of cognitive and mnemonic
functions in humans. It combines cognition
with electrophysiology (15, 16, 17),
information processing (18, 19) and appears
to be strongly associated with attention and
short term memory (16, 17, 20, 21). In the
present study attempt has been made to give
an insight into the influence of diabetes on
higher brain functions in NIDDM patients
as increase in P3 latency has already
been reported in IDDM cases (22). The
specific aim of the study was to investigate
as to how the diabetic milieu affects
the higher cognitive capabilities of human
brain.

METHODS

Thirty NIDDM patients participated in
this study alongwith same number of age
and sex matched nondiabetic healthy
controls. They had duration of diabetes
ranging from 2-10 years and the mean ±

SD of blood glucose on the morning of the
P3 test was 176 ± 58.2 mg% and HbAlc
9.4 ± 1.0%.
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The non-diabetic controls were of similar
socia-economic and educational background
as NIDDM patients. The NIDDM subjects
included in the study were carefully
screened and those having evidence or
history of ketoacidosis, recurrent ketonuria,
hyoglycaemic episodes, peripheral nerve
dysfunctions, cardiovascular or neurological
disorders, taking psychoactive drugs or drug
addiction were excluded. These subjects
showed blood cholesterol and triglyceride
levels within normal range. As most of them
were on some antidiabetic regimen, not
strickly following it religiously, they did
have episodes of hypoglycaemia which were
not very frequent or recurrent. Blood
glucose was monitored so also the HbAIc
and no hypolycaemic episodes or presence
of ketoacidosis was recorded at the time of
evoked potential testing.

Event Related Evoked Potential: N2 and P3
recordings were obtained on presentation of
high pitched infrequent click sound in a
train of low pitched frequent and high
pitched infrequent click sounds and subject
pressing the button on hearing infrequent
sound. The bioelectrical signals were
recorded by Ag/Agcl electrodes placed at ez,
PZ according to 10-20 internatinal system
of EEG electrode placement, referenced to
linked ear lobules (AI + A2). The ground
electrode was sited on the forehead. Thirty
two evoked responses were averaged and
analysed by the Evoked Potential Recorder
(Nihon Kohden Japan). Further details of
the procedure used are given in our earlier
reports (23, 24, 25). Analysis of N2, P3
components was done from ez recordings
which clearly appeared during the execution
of button press response on target stimulus.
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These components are representative of
higher cognitive level analysis of sensorial
stimuli compared with the target stimuli in
the memory (13).

N2, P3 latencies in patients
were compared with those of controls
employing unpaired student 't' test. Various
parameters in each group were compared
and correlation coefficients worked out.
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RESULTS

Various physical parameters recorded in
these subjects alongwith N2, P3 latencies
and amplitude and blood glucose levels are
given in Table I. It is seen that the NIDDM
patients had very poor glycaemic control.
The N2, P3 peak latencies were significantly
higher in the patients as compared to
euglycaemic controls. There was no

TABLE 1 Showing Mean ± S.D. values of P3 event related evoked
potentials in NIDD!VI and control subjects.

Latencies (msec) Amp (/Iv)

Group Age
(yrs)

BPS
(InmHg)

BPD
(mmhg)

Blood glucose
(mg/dLJ

lIbAlc (%)

Con trol
n=30

NlDDM
1\=:30

*P<.001

:36.73±l3.3 126.2±1.8

1:3.G7±9.0 128.2±3.8

76.0±G.8 220.GG±2GA 32G·.!7±2(j.8 14.39±1.G 100.05±27.2

72.9± 13.3 218.0G±3G.:3* :391.GIJ±49. 7* 13.96±:3.2 176.07 ±58.2*

4.3±0.8

9.9±1.0*

BPS: blood pressure systolic BPD : blood pressure diastolic

TABLE II : Showing values of correlation coefficients on comparing various
parameters with Nz' P

J
latencies and amplitude in NIDDM patients

Height Weight IJ P S n PD Blood N2 Lat P3 Lat P3 amp

glucose

Height 1.000 .0928 .1095 - .0:323 - .4302 .1242 .1148 - .1073

Weight .0928 1.000 .OGO - .OG10 - .0941 .1311 - .1911 .415G

BPS .1095 .0600 1.000 .0560 - .2192 - .1242 .2824 .1518

D PD - .0323 - .0640 .05GO 1.000 - .0911 .0820 .1115 - .0810

Blooe!
Glucose - .4 702 - .1043 - .2492 - .0911 1.000 .2128 .0155 .0850

N" Lat .0520 - .1030 - .1242 .0820 .2428 1.000 .1206 .2128

P 3 Lat .1148 - .1911 .2824 .1115 .0155 .120G 1.000 - .3214

P 3 amp - .1073 .4156 .1518 - .0810 .1J850 .2128 - .3214 1.000
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significant correlation between latencies of
N2 & N3 with other physical parameters of
height, weight, BP, Glucose level and
duration of the disease (Table II).

DISCUSSION

There have been controversial reports
regarding effect of diabetes on cognitive
functions. Most of the psychometric studies'
employing variety of tests, assessing
psychomotor speed, selective attention,
lexical fluency, auditory verbal learning,
showed that scores were lower in diabetics
as compared to controls (7, 8, 9).

Even among the two groups of diabetics,
scores were much higher in type II as
compared to type I (8). These authors also
suggest that chronic hyperglycaemia and
frequent episodes of hypoglycaemia might
have a deleterious effect on cognitive
performance. However, recen tly Lowe et a1.
(26) have found little evidence that type II
diabetes in native Americans is associated
with decrement in cognitive functions. The
electrophysiological studies using event
related evoked potentials have not fully
corroborated the findings of the
psychometric studies. This might be due to
the fact that endogenous electrophysiological
ana lysis highlights neu rophysiologi-ca 1
changes not detected by psychometric tests.

Our both NIDDM and control group
subjects were normotensive (Table I). It is
important to record BP not only because of
higher incidence of hypertensives amongst
diabetics (27) but also, repor~ have shown
that hypertension does affect'sensory and
cognitive functions (28, 29). In our NIDDM
patients, absolute peak latencies of both N2
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and P3 components of the endogenous
congitive evoked potentials were
significantly delayed as compared to controls
(Table O. Similar observations have been
made by other authors in their IDDM
patients (22, 30). These findings suggest
that in poorly controlled diabetics, cognitive
processes in the brain are slowed down. The
blood glucose levels at the time of doing P3
tests were higher being 176.07 ± 87.6 mg%
and the HbAlc level was 9.9 ± 1.0%. This
would imply that poor glycaemic control
seen in these diabetic patients might have
resulted in delay in P3 latency. However, it
is difficult to specify one factor responsible
for this delay in cognition. There are reports
suggesting that hypoglycaemia causes delay
in P3 latency and the process of decision
making (8, 30). Most of our patients did
experience occasional hypoglycaemic
episodes, but they were showing poor
glycaemic control at the time of study. There
is multifactoral hypothesis for cognitive
impairment in diabetics. The most important
factor being glycaemic control, but recent
study has shown that improving the
metabolic control of patients of IDDM with
vigorous and continuous insulin, further
deteriorates their cognition (31). Prescott et
aI., 1990 (32) have shown that glycaemic
control had no effect and impairment of
cognitive function in diabetes is more likely
attributable to the impact of suffering from
life-threatening disease rather than organic
neurological damage. It has also been
reported that in addition to plasma glucose,
unknown physiological variables are
responsible for triggering cognitive
impairments in the diabetics during episode
of hypoglycaemia (33). Hence recent study
in native Americans has suggested that
some of the cognitive impairments
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previously attributed to diabetes may be
related, at least in part to the influence of
other risk factors (26l. Sex may be one of
them as women are less cognitively impaired
than men with IDDM during hypoglycaemia
(34) and hyperinsulinaemia in non-diabetic
individuals is associated with cognitive
impairment (35). Our electrophysiological
observation of delayed N2 and P3 latencies
in NIDDM cases suggest that whatever be
the multifactoral etiology of malcognitive
functions, the diabetic milieu interacts with
generators of N2 and P3 in the cerebral
cortex so as to cause delay in cognitive
processes. There are reports indicating that
P3 generators are located in hippocampal
area (HPC) of limbic system (36). As HPC
is known to be involved in learning and
memory the delayed P3 in NIDDM there-
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fore, reflects inhibition or possible damage
of this area.

We did not find and significant
correlation between blood glucose level,
duration of diabetes or physical parameters
of weight, Height, BP with latencies of N2
and P3 waves of event related evoked
potentials. To summerise, our findings,
therefore, suggest that significant
impairment occurs in higher brain functions
during diabetes particularly in the higher
associative brain activity such as message
comprehension and mnemonic capacities.
This is important because detectable
changes in the higher cognitive functions
in diabetic appear to occur more frequently
than is commonly believed.
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