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The aim of this paper is applying the bispectral analysis on widespread diffuse cross-frequency interactive effects. The event-related
potentials (ERPs) research method was used in this study and it could collect the widespread diffuse cross-frequency from mild
cognitive impairment (MCI) patients’ brain wave. In this study, the brain wave data were collected from 12 MCI subjects, 12 healthy
elderly, and 12 healthy young. The findings showed that the decreased interhemispheric coherence of 8.8 Hz for MCI compared with
healthy elderly in the central-parietal cortex to respective surrounding sites and each MCI subject showed significantly widespread
diffuse pattern of cross-frequency interactions in comparison with the healthy controls in the left central-parietal and right frontal.
This study provides some explanation and suggestions for these findings.

1. Introduction

Looking for a reliable and sensitive method to identify more
accurately mild Alzheimer’s disease (AD) patients is one of
the challenges of the current research. Now, the research
method about event-related potentials (ERPs) provides a
noninvasive electrophysiological measure as the earliest
markers of mild AD. The past studies demonstrated that the
P300 amplitude was relatively smaller and P300 latency was
longer for AD compared to healthy controls [1-4]. Hence, the
P300 which is a component of ERPs data was supposed to be
used as an indicator to detect mild AD.

The previous study mentioned that the auditory oddball
paradigm is related to “focused attention,” “target recogni-
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tion,” “motor response;” “signal detection,” “working mem-

ory, “executive functions,” and “decision making” [5]. The
auditory oddball task is an easy task for mild AD patients
to respond [4]. Despite the group differences in the auditory
oddball task condition, P300 amplitude and latency are not
yet sensitive enough to discriminate between mild AD and
normal aging [4]. The event-related oscillatory activity in

various frequency bands may reflect different aspects of

physiological information processing. Also, the oscillatory
changes are basic phenomena during cognitive performance
[6].

The construct of dementia has been proposed to designate
an early, but abnormal, state of cognitive impairment [7].
Mild AD is supposed to represent a substantial proportion
of patients with Alzheimer disease [8]. But it lacks the
sensitive indicator to diagnose the mild AD. The hemispheric
cooperation model [9, 10] is the study conception underlying
the compensation view of bilateral activation in healthy
elderly. The previous studies also provided different kinds
of evidence [11-13], including behavioral data [14], recovery
from brain damage [15], and comparison between high and
low performance in healthy elderly [11], to compare with the
mild AD. Contrasting with this age-related cognitive decline
are reliable increases in frontal lobe activation when perform-
ing cognitive tasks in old compared to young adults [16], and
these may reflect an age-related difficulty in activating the
appropriate brain networks to a level that would be sufficient
to successfully perform the auditory oddball task.

The purpose of this paper is generaizing the results
of past researches and applying the bispectral analysis on
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TABLE 1: Characteristics of study sample (MCI, healthy elderly and healthy young).
. P p
Variabl MCI Healthy elderly (HE Health HY
arable calthy elderly (HE) ealthy young (HY) (HE versus MCI) (HE versus HY)
Age 80.9+8.4 73.9+9.9 204 +3.1 0.09 0.00""
MMSE total score 169+ 6.7 30+0 30+0
RT (ms) 511.5+203.2 426.8+77.3 361.8 £55.3 0.22 0.04"
Correct rate (%) 95.4 +10.1 98.2 +2.8 99.2+£2.0 0.27 0.41
Amplitude (uV) 45+14 10.5+ 4.4 123 +4.1 0.00"" 0.48
Latency (ms) 405.6 + 33.8 385.3 £36.6 326.1 £31.1 0.26 0.01"

Note: RT means reaction time; *P < 0.05; **P < 0.01.

widespread diffuse cross-frequency interactive effects on
ERPs data from healthy and mild AD patients.

2. Materials and Methods

The behavior data of the subjects are shown in Table 1. MCI
participants had lower MMSE (16.9 + 6.7), longer reaction
time (511.5 + 203.2 ms), and lower correct rate (95.4 + 10.1)
compared to healthy elderly and healthy young. As expected,
there was no significant difference on age between MCI and
healthy elderly (P < 0.05).

MCI was recruited according to NINCDS-ADRDA crite-
ria. All MCI patients underwent general neurological assess-
ments. Patients were also assessed with a number of standard-
ized diagnostic tests, including the Mini Mental State Exam-
ination (MMSE) score. None of the participants showed
hearing loss, neurological or psychological problems, and all
were naive to electrophysiological studies. The study pro-
tocol was approved by the medical ethics committee of the
National Kaohsiung Normal University. All participants were
required to give informed consent before taking part in the
experiment.

An auditory oddball paradigm was used in the experi-
ments. Two types of stimuli were used: the standards and the
deviants. The probability of the deviant stimuli was 0.20 and
that of standard stimuli 0.80. As stimulation we used a 2kHz
for standard signals. The 1 kHz of the deviant stimuli was 20%
and only deviant trials to which both patients and controls
used a button press response. The rise time of the stimulation
signal was 50ms and the duration of the stimulation was
2000ms. In all the paradigms, the deviant stimuli were
embedded randomly within a series of standard stimuli.
During the elicitation period of event-related oscillations,
all subjects had achieved minimum 95% accuracy of target
stimuli on EEG data, with being generally worse in mild
AD subjects than in controls. The EEG recordings were
performed from 32 electrodes positioned according to the
International 10-20 system (i.e., FP1, FP2, F7, F3, Fz, F4, F8,
FT7, FC3, FCz, FC4, FT8, T3, C3, Cz, C4, T4, TP7, CP3, CPz,
CP4, TP8, T5, P3, Pz, P4, T6, Ol, Oz, and O2). The signal was
analog-filtered (0.1-200 Hz), A/D-converted with a sampling
rate of 1000 Hz and 14 bit precision, and digitally filtered in
the range 1-100 Hz.

The previous studies have used bispectral analysis to
obtain useful information of anesthetics and neuroactive
drugs by observing EEG changes in cerebral functions

[17,18]. The analysis of nonlinear cross-frequency phase syn-
chronization focuses on the functional interplay between dif-
ferent electrodes. Bispectral analysis is effective in frequency
domain analysis and for detecting nonlinear interactions of
different frequency components [19, 20]. Interconnectivity in
frequencies is most likely the neural activity in different cell
assemblies, and neuronal excitability may be reflected in the
phase difference [21]. The bispectrum is defined by Nikias
and Petropulu [17]. The index BIC is the strength of phase
coupling of the two signals at a specific frequency ( f; versus
f>). The BIC values fall into the range of [0 1]. The criterion
F,45(BIC (f;, f5)) of the bicoherence can be approximated
[22]. The EEG data were fragmented offline in 2048 ms
epochs and performed at 1024 bins (sampling frequency =
1000 samples/s) in the average. The criterion for significance
at the 95% confidence level is 0.063 for the phase bicoherence
in this study. The phase coupling between oscillations with
frequencies f, and f, is considered statistically significant
when BIC exceeds the threshold for the frequency pair.

3. Results and Discussion

Coherence is a linear measure of the correlations between
two signals. The coherence provides frequency domain
information about the functional connections between dif-
ferent cortical areas. Figure 1(a) depicts the grand average
bicoherence between left central-parietal (CP3) and right
frontal (F4) electrodes repeated 150 trials for healthy young.
The dominant frequency in the maximal self-coupling spec-
trum was determined within frequency range 8-11Hz in
Figure 1(b), and only about quarter of the subjects fall into
the delta band, while MCI subjects were not found. Although
very small diffuse cross-frequency coupling was found for
healthy elderly, significant self-frequency coupling exists in
Figure 1(c).

The main effect of stimulus was found for MCI, signi-
tying disappeared 8-11Hz self-coupling, and replaced by a
widespread and diftfuse cross-frequency coupling in the long-
range bicoherence changes.

The results demonstrated widespread diffuse cross-
frequency coupling for MCI compared to healthy elderly
and healthy young during the performance of an auditory
attention task. According to our findings the healthy controls
showed that self-coupling is prominent within the range 8-
11 Hz. Besides, bicoherence in MCI was found to be less
than healthy controls, providing further support in terms of
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FIGURE 1: Phase coupling between different frequencies components. Grand average bicoherence repeated 150 trials for each subject. Cross-
frequency phase coupling was computed between the signals in electrode central-parietal (x-axis) and right frontal (y-axis) during the
auditory oddball stimuli. The peak for healthy controls indicates a phase self-frequency coupling from 8 to 11 Hz activity in central-parietal
and right frontal. (a) Pattern of mild cognitive impairment (Max-BIC (f, = 22.9, f, = 6.8) = 0.103); (b) pattern of healthy elderly matched
for age with MCI (Max-BIC (f; = 9.5, f, = 9.5) = 0.113); (c) pattern of healthy young (Max-BIC (f; = 9.8, f, = 9.8) = 0.126). The red circle
indicates the maximal phase coupling value in the frequency range 1-30 Hz. This peak (bicoherence at 8-11 Hz) was significant with P < 0.05.

the widespread diffuse coupling distribution in MCI. It is to
be emphasized that these changes were detected in the early
stage of mild AD. The study of individual differences of the
maximum bicoherence value decreased in MCI, suggesting
that coupling with the dominant low alpha frequency (8-
11 Hz) is a very strong indicator of nonlinearity.

4. Conclusion

In this study, the results demonstrated the widespread diffuse
cross-frequency coupling in MCI during performance on
the auditory oddball task. The increase of coupling may
reflect compensatory activity as well as dedifferentiation
processes in the long-distance coherence or synchronization.
The results implied that a dementia-related functional break-
down in the long-distance coherence or synchronization
may be predicted on mild AD diagnosis. The results of this
study suggest the increase of cross-frequency coupling in
right frontal cortex and central-parietal regions might be an
indicator to diagnose mild AD and the increasing processing
may reflect the poorer neural function.
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