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Abstract

Background: Diabetes mellitus is the most prevailing metabolic disease. It causes structural and functional alterations in
several organs, including the central nervous system.Altered glucose metabolism, atherosclerosis, and inflammation of blood
vessels are seen in diabetes.This may lead to neuronal degeneration and decline in cognition. Event-related potential P300 can
detect cognitive decline before the emergence of obvious neurological manifestations.

Objective: The aim of this study is to assess and compare the P300 latencies in subjects with type 2 diabetes mellitus and in
nondiabetic subjects and to determine the influence of type 2 diabetes mellitus on cognitive functions.

Methods: In this study our sample size was 248 subjects, with type 2 diabetes mellitus patients (n = 124) and healthy
controls (n = 124) between the age group of 31 and 60 years. This cross-sectional comparative study was conducted at
SRM Medical College Hospital and Research Centre.The subjects were evaluated by a structured interview and they were
assessed with a general health questionnaire to rule out any subpsychiatric illness. Fasting and postprandial blood glucose,
HbAlc level, lipid profile, and creatinine were estimated. P300 amplitude and peak latencies were recorded using the
standard auditory oddball paradigm.

Results: The latencies of P300 were significantly increased and the amplitude of P300 was significantly reduced in the diabetic
group when compared to the control group (P < .001). P300 latency has a positive correlation with the HbAlc levels (r =
0.136) and the duration of diabetes (r = 0.231).

Conclusion: Prolongation of P300 latencies and the decreased amplitude in diabetic subjects may suggest the existence of
a cognitive decline in individuals with type 2 diabetes compared to healthy individuals.
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mellitus especially during hyperglycemia.** It may dramatically
affect their ability to learn. In the present scenario diabetes-
related complications can be reduced if patients are able to

Introduction

Diabetes mellitus is one of the leading health care problems
in India with an estimated 66.8 million people suffering from
the condition, thereby representing the largest number in any
country in the world.! Currently, diabetes mellitus is one of
the most prevalent chronic-degenerative diseases. Most of
the complications of diabetes mellitus are chronic and may
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affect multiple organs such as eyes, kidney, cranial nerves,
peripheral nerves, and the heart. Cognitive function may
also to be affected in subjects with diabetes mellitus and this
concomitant cognitive dysfunction generally goes unnoticed
and less studied.

Cognitive impairment in diabetes in terms of processing
speed and attention was observed in patients with diabetes
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maintain good glycemic control, which requires a more
complex treatment regimen and better self-care skills to
manage the disease safely. Self-care skills include healthy
eating, being physically active, monitoring of blood sugar,
compliant with medications, good problem-solving skills,
healthy coping skills, and risk-reduction behaviors.?

Cognitive dysfunction reduces the ability of the subjects
to implement these complex regimens. Medical care in the
absence of adequate self-care is rarely effective for chronic
illnesses. Self-care in diabetes has important clinical and
public health implications. Thus, cognitive dysfunction
is an important co morbidity that needs to be addressed in
diabetic population. This aroused the need for screening
subtle cognitive dysfunction in diabetics which are often
unrecognizable. Recognizing these asymptomatic cerecbral
changes and modifiable risk factors that influence cognitive
changes in diabetes can put forward preventive measures for
this condition.

Several studies have revealed an electrophysiological
evidence of cognitive dysfunction in diabetes, even in the
absence of clinical signs of central nervous system damage.*?
Additionally, P300 has been shown to be more sensitive in
detecting cognitive deficits than psychometric tests in type 2
diabetes mellitus.” Cognitive P300 potential has been used as
an objective procedure to determine brain cognitive function,
and the right tool to check the effect caused by glycemic
changes in the hippocampus region.’

However, conflicting results have been reported
regarding the correlation of ERPs abnormalities with clinical
parameters in diabetics.*® A few other studies suggest that
decline in cognitive function correlated to hyperglycemia
was seen in type 2 diabetes mellitus patients®'® and cognitive
function had been improved by controlling blood glucose
tested by the noninvasive tool cognitive P300."

There is also paucity of data on ERP abnormalities in
individuals with diabetes mellitus type 2 in Indian scenario,
especially from South India which differs in dietary habits.
If there is any association between diabetes mellitus and
cognitive impairment, identifying the impairment in the early
stage and providing treatment may alleviate its consequences
which can provide an independent and good quality of life to
diabetic subjects. Therefore, the present study was carried out
to explore the impact of type 2 diabetes mellitus on cognitive
functions by evaluating event-related potential P300 (ERP
P300) in patients with type 2 diabetes mellitus in comparison
with the control group and to examine the relationship of
P300 with the duration of disease and short-term metabolic
control.

Materials and Methods

This is a cross-sectional comparative study conducted at
SRM Medical College Hospital and Research Centre, Tamil
Nadu.

Selection of Sample

124 subjects with type 2 diabetes mellitus (according to
American Diabetes Association (ADA) criteria) in the age
group of 31 to 60 years attending the out-patient Department
in Diabetology were included in the study. 124 age and sex
matched normoglycemic individuals were included as a
comparison group.

Patients with history of neurological disease, psychiatric
illness, head injury, sleep disorders, peripheral vascular
diseases, dementia, stroke, hypertension, dyslipidemia,
mental retardation, and history of substance abuse were
excluded from the study. This study was approved by the
institutional ethical committee. Written informed consent
was taken from the subjects after proper explanation. The
participants were informed that they were free to withdraw
from the study at any stage.

Process of Assessment

The patients and the controls were subjected to a structured
interview in the out-patient department. We used the general
health questionnaire (GHQ 28) to screen the participants for
subpsychiatric illness and if present were excluded from the
study. Details about age of onset of diabetes, diabetes duration,
and treatment for diabetes were recorded. The participants
have undergone the following tests: fasting and postprandial
blood sugar, glycated hemoglobin (HbA1c), lipid profile, and
creatinine. They underwent ENT examination and those with
normal hearing were included.

The Event-Related Potential

Event-Related Potentials (ERPs) are good indices which
objectively quantify the level of cognitive impairment in
comparison to other psychometric tests used for evaluating
cognitive functions.!>'* The ERPs give an idea regarding
the timeline of information processing involved in
expectancy, attention, cognition search, decision-making, and
memorization.'” ERP is the extrinsic recording of the internal
electrical activity of the underlying brain structure emerging
from a stimulus bound activity. This is documented by using
an unconventional model in which the individual is vigilant
and consciously discriminates an auditory stimulus from a
cluster of other auditory stimuli. ERPs consist of an array of
positive waves and negative waves that originate above the
brainstem.

The P300 is a positive potential that happens almost
300 milliseconds (ms) subsequent to the stimulus presented,
requiring discrimination, counting, or cognitive processing
by the participant.!>’” Investigators mostly depend on
the measurement of the P300 to examine ERP, especially
concerned with decision-making. This waveform can be used
as a measure of the effectiveness of different treatments on
cognitive function because cognitive impairment is often
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associated with modification in the P300." For this reason
scientists have supported its use as a clinical marker. There is
a vast range of applications for the P300 in scientific research
such as study of depression, drug addiction, and anxiecty
disorders."

P300 latency is an indicator of processing time needed
before producing a response and so it is a precise temporal
measure of neuronal functioning fundamental to the process
of immediate memory.? The shorter latencies of P300
are associated with superior cognitive performance when
compared to prolonged latency. Thus, P300 latency has a
negative correlation with intellectual functions in normal
subjects. P300 amplitude can be perceived as a measure of
neuronal processing that indicates the handling of incoming
information when it is included in memory representation of
stimulus and the situation in which the stimulus takes place.?!

Recording of ERP P300

In this study, the P300 ERP was recorded for all the subjects
after informing about the nature of procedure. The subjects
were not allowed to consume caffeine- and tannin-containing
drinks ten hours before the test and until the completion of
the test. The ERP recording was done in the morning hours
between 9 am and 11 am, one hour after a light breakfast.
This electrophysiological study for evaluating P300 variables
was done using microprocessor-based testing equipment
which included a dedicated software: RMS EMG EP MARK
II (Recorders and Medicare Systems Pvt. Ltd, Chandigarh,
India). A standard setting was used while doing the
electrophysiological study. Disc type of Ag/AgCl electrodes
were used to pick up the evoked responses from scalp. They
were placed on the scalp after appropriate skin preparation
by cleansing, degreasing, and abrading. The conducting
jelly was gently applied on to the area for securing adequate
and steady electrical connection. The active electrode on
the vertex was termed as Cz, and Al and A2 were the two
reference electrodes attached to the left and right mastoids,
respectively. The ground electrode labeled as Fz was attached
to the forehead. All electrodes were connected to a junction
box. Skin-to-electrode impedance was monitored and was
kept below 5 Kohms. The noise was below 0.5 uV.

The study was conducted in a climate-controlled and
soundproof room after the subjects were made to relax.
Patients were instructed to keep their eyes closed, avoid eye
movement to reduce artifact. ERP wave pattern was recorded
in the context of a standard auditory oddball paradigm. The
stimuli were of two types: target (rare tone) stimuli and
nontarget (frequent tone) stimuli. The subjects underwent
two tone auditory discrimination task delivered using oddball
paradigm. Two types of tones 2000 Hz (target stimulus) and
750 Hz (nontarget) were delivered through earphones at 75 dB
with a rate of 1.1 per second. Rare stimulus was randomized
to occur at 20% which means that out of 100 stimuli, 80 were
frequent stimuli and 20 were rare stimuli. They were asked

to identify and count rare stimulus. N2 and P3 recordings
were obtained from Cz on the presentation of high-pitched
infrequent click sounds in a train of low-pitched frequent
sound.?? One or two trial sessions were given till the subjects
were able to discriminate target and nontarget stimuli. Letters
P and N are used to denote positive and negative waves,
respectively. There are two positive waves P2 and P3, and
two negative waves N1 and N2. Labeling is based on their
average latency, that is, P300 appears around 300 ms after
stimulus. The measurement of P300 latency is up to the point
of maximum P300 amplitude. Sweep width (in msec) is 200
ms/D and the number of sweeps averaged is 500.

The signals were captured by electrodes, and then
filtered, amplified, averaged, and displayed on the screen.
Trials with significant artifacts, including eye-movements,
muscle artifacts, and skin potentials were manually excluded
before generating the averaged ERP waveforms.

Statistical Analysis

The data were entered in an Excel sheet. Statistical analysis
was done using SPSS software. Data were presented as mean
+ standard deviation. The tests used were Student’s ¢ test and
Pearson correlation tests. P value of < .05 was considered
statistically significant.

Table I. Comparison of Physical Characteristics Between Diabet-
ics and Controls

Diabetics (n = 124) Controls (n = 124)

Parameters Mean + SD Mean + SD PValue
Age in years 51+78 50+ 5.6 231
Height 154 £ 8.2 159 +7.2 516
Weight 6348 + 84 61.12+87 .10
BMI 26.72 £ 3.78 25.76 + 423 273

Abbreviations: SD, standard deviation; BMI, body mass index.

Figure |.Event-Related Potential P300 Waveform Recorded in Re-
sponse to Frequent Stimuli and Rare Tone Stimuli Obtained from
Control

Frequent stimulus (80%) Rare stimulus (20%)
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Note. The ERP latency was shown in horizontal axis and amplitude in
vertical axis.
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Figure 2. Event-Related Potential P300 Waveform Recorded in Re-
sponse to Frequent Stimuli and Rare Tone Stimuli Obtained from
Diabetic Subject

Frequent stimulus (80%) Rare stimulus (20%)

N Nt t

7s

b
s
\
i
Ampltude g
)
-

Da
Fii

AL N N T a2y N d \\’/ e

0mn Latency (ms) ! S0m Latcacy (mn)

Note: The ERP latency was shown in horizontal axis and amplitude in
vertical axis.

Table 2. Comparison of Event-Related Potentials Between Diabet-
ics and Controls

Diabetes Controls

(n=124) (n=124)
Parameters Mean + SD Mean + SD  tValue PValue*
P300 latency
(ms) 301.18 +22.88 282.48 + 5.674 <.001*

28.70

P300 ampli- 6.53 +9.33 10.08 +842 -2.135 .034*
tude (pV)

Abbreviation: SD, standard deviation.

Note: *P < .05 indicates statistical significance.

Table 3. Comparison of Event-Related Potentials Between Diabetic
Males and Females

Diabetic Diabetic
Males Females

(n = 46) (n=178)
Parameters Mean + SD Mean + SD tValue PValue
P300 latency 296.76 290 £
(ms) 31.45 22.09 1201 232
P300 amplitude 5.56 =
(Lv) 8.17 £ 22 9.46 0.91 361

Abbreviation: SD, standard deviation.

Note: *P < .05 indicates statistical significance.

Table 4. Correlation Between Event-Related Potential Parameters,
FBS, PPBS, HbA |l ¢, and Duration Diabetes

Parameters FBS PPBS HbAIlc DiabeFes
Duration

P300latency rvalue 0.063 0085 0.136 0.231

(ms) Pvalue 0319 0.183 0.032% 0.010%

P300 rvalue -0.096 -0.060 0.00l -0.056

amplitude

(V) Pvalue 0.133 0.346 0.987 0.539

Abbreviations: FBS, fasting blood sugar; PPBS, postprandal blood sugar.
Note: *P < .05 indicates statistical significance; **r value shows significant
correlation.

Results

The physical characteristics such as age, height, weight, and
body mass index of 124 diabetic patients and 124 controls
were summarized in Table 1. Table 1 shows that there is no
significant difference in the physical characteristics between
the study groups and that they were comparable. Table
2 compares the ERP between the diabetic group and the
controls. The mean P300 latency of the diabetic group was
301.18 + 22.88 and that of the controls was 282.48 + 28.71
and shows that the peak latencies of P300 were significantly
prolonged in the diabetic group when compared to the control
group (P <.001). Also, Table 2 shows that the mean amplitude
of P300 was 6.53 + 9.33 for the diabetic group and 10.08 +
8.42 for the controls. The amplitude of P300 was significantly
reduced in diabetic subjects when compared with that of the
controls (P =.034).

Table 3 compares the P300 latencies and amplitude
between the diabetic males (n = 46) and females (n =78). The
mean P300 latency of the diabetic males was 296.76 + 31.45
and that of diabetic females was 290 + 22.09. There was no
significant difference in the peak latencies of P300 between
diabetic males and females (P = .232). The mean amplitude
of P300 was 8.17 + 22 for the diabetic males and 5.56 + 9.46
for the diabetic females. There was no significant difference
in the amplitude of P300 between diabetic males and females
(P=.361).

The correlation between ERP, fasting blood sugar (FBS),
postprandal blood sugar (PPBS), HbAlc, and the duration
of diabetes were shown in Table 4. P300 latency had a
positive correlation with the HbAlc levels and the duration
of diabetes. The P300 latency did not have any significant
correlation with FBS and PPBS. The P300 amplitude did not
have any significant correlation with FBS, PPBS, HbAlc,
and duration of diabetes.

Discussion

During the electrophysiological recording of ERP, two types
of auditory stimuli such as frequent tone stimuli and rare tone
stimuli were given. The ERP wave pattern observed with a
frequent and rare tone stimulus of the control is shown in
Figure 1 and the ERP pattern with a frequent and rare tone
stimulus of diabetic subject is shown in Figure 2. In both the
N1 wave is followed by positive P2 followed by negative N2
and positive P300.

In all subjects the rare tone stimuli wave patterns were
used for electrophysiological evaluation of P300. The
mean amplitude of P300 (rare tone stimuli) component of
endogenous cognitive evolved potentials in the control group
was 10.08 + 8.42 nV and the same in diabetic group was 6.53 +
9.33 uV. As shown in Table 2, the statistical analysis revealed
that the mean latency of P300 was significantly prolonged
(P <.001) and the mean amplitude of P300 was significantly
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decreased (P < 0.05) in diabetic patients as compared to the
controls. Our results are similar to studies by Hazari et al.?
and Mohamed et al.>* who showed prolonged P300 latencies
in diabetics.

The areas attributed as generators of P300 include inferior
parietal lobe, frontal lobe, hippocampus, medial temporal
lobe, insula, and other parts of limbic system.?'> According
to Tandon et al.,” diabetic milieu causes delay in cognitive
process by interacting with ERP generators in cerebral cortex.
Taking into account the fact that P300 latency reflects the speed
of neuronal functions underlying information processing and
that P300 amplitude is mirroring with attention and short-
term memory, the observed electrophysiological abnormality
in our study reflects impairment in attention, memory, and
speed of information processing which is indicative of
early cognitive impairment in diabetes. Since the incidence
of Alzheimer’s disease is increasing in diabetics, assessing
cognitive function by a non-invasive tool like P 300 is
very essential in formulating the preventive and treatment
measures.*>3

In our study among the diabetics there were 46 males
and 78 females. Table 3 compares the event related potential
latency and amplitude between the diabetic males and females
and there were no significant difference noted between the two.

In our study there were no significant correlations
between P300 latency and FBS or PPBS (Table 4) similar
to many studies.”?*?7303! Table 4 shows that P300 latency
had a positive correlation with the duration of diabetes
and the HbAlc levels. The P300 amplitude had inverse
correlation with the duration of diabetes. Our results differ
from Nooyens et al.,”® who in their study had suggested that
decline in the speed of cognitive processes is greater during
the early stages of diabetes. But the results of Singh et al.!
and Tandon et al.” did not show any significant correlation
between P300 latency and duration of diabetes. Our study
findings suggest that in poorly controlled diabetics, cognitive
processes in the brain were slowed down. Our findings are in
concordance with the results of Hissa et al.,® who confirmed
that there is a significant correlation between P300 cognitive
potential and duration of diabetes mellitus. It shows that long-
term complications are more significant in the course of this
metabolic disorder as it affects neuronal functions. Cognitive
impairment does have a large impact on diabetic self-
management and abidance to treatment. The identification
of presence of subclinical cognitive impairment in diabetic
patients is useful while planning treatment strategies for
these patients.

Conclusion

In our study, subjects with diabetes mellitus have prolonged
P300 latency and reduced amplitude, when compared to the
nondiabetic control group and have a significant correlation
with the duration of diabetes and the HbAlc levels. These
findings suggest the existence of cognitive decline in subjects

with diabetes which further correlates with disease duration
and metabolic control. Because ERP P300 can be used to
detect any subclinical cognitive decline in course of diabetes,
it can be included in routine investigations, for early detection,
and for appropriate management of diabetes.
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