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Abstract

This paper presents an EEG study for coherencephase synchrony in mild cognitive impairment (MGi)bjects.

MCI is characterized by cognitive decline, which a& early stage of Alzheimer's disease (AD). AD as
neurodegenerative disorder with symptoms such amameloss and cognitive impairment. EEG coherersea i
statistical measure of correlation between sigfral electrodes spatially separated on the scahe. Magnitude of
phase synchrony is expressed in the phase loclihge (PLV), a statistical measure of neuronal cotivigy in the

human brain. Brain signals were recorded using motly Epoc 14-channel wireless EEG at a samplirguency of
128 Hz. In this study, we used 22 elderly subjeassisted of 10 MCI subjects and 12 healthy subjast control
group. The coherence between each electrode paimeasured for all frequency bands (delta, théphasand beta).
In the MCI subjects, the value of coherence ands@hgynchrony was generally lower than in the hgadthbjects
especially in the beta frequency. A decline ofahemisphere coherence in the MCI subjects occurretie left

temporo-parietal-occipital region. The pattern etlhe in MCI coherence is associated with decrkatmwlinergic

connectivity along the path that connects the taalpoccipital, and parietal areas of the braith® frontal area of the
brain. EEG coherence and phase synchrony are aldéstinguish persons who suffer AD in the earlggsts from

healthy elderly subjects.
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Introduction

Alzheimer's disease (AD) is a progressive neurodegaive
disorder characterized by impairment of cognitiuactions.
The progression of AD can be categorized into fiifferent

stages. The first stage is mild cognitive impairt@iCl), an

intermediate stage between the expected cognitéating of
normal aging and the more serious decline of deimemhe
second and third stages are mild AD and moderateahD are
characterized by increasing cognitive deficits diféiculty to

perform routine tasks. The last stage is severe Wiiere the
patients lose sensitivity to their environment whitemory and

cognitive skills continue to worsen, and they beeom

completely dependent on caregivers for their daityivities
[1]. Early diagnosis of AD is very important to pent disease
progression to the more severe stages.

Early diagnosis of AD is not an easy task, becatlmse
symptoms are hard to distinguish from the symptoimsther
types of dementia. One major feature in AD is thedgal loss
of connections between neurons in the brain, wbarhlead to
damaged cell function and eventually the deathrafnbcells

[2]. The cell damage is caused by the accumulatibibeta
amyloid plagues outside of the cells and the foimnaiof
neurofibrillary tangles inside of the cells, whehe extent of
the damage determines the stage of developmenDdBAd4].

EEG signals analysis is a promising technique darly
diagnosis of AD [5]. Several studies of EEG datalgsis have
been performed for the detection of neurologicalcaimalities
in AD patients. EEG slowing in patients with AD &
phenomenon that has often been reported by reszarahd is
related to the progression of the disease [6]. BlE®ing is
associated with an increase in delta and thetaitgesi and a
decrease in alpha and beta activities [7-10].

In addition, EEG is a non-invasive and non-radati
examination technique that can be used to studyutingtional
connectivity of the brain by measuring signals friiva cortical
brain. The cortical connectivity of the brain refie the
functional level in terms of communication betwedifferent
parts of the brain. AD is characterized by low levef
functional connectivity [11]. Functional connectivis defined
as the temporal correlation between the activitydifferent
neural assemblies [12]. According to Uhlhaas amiy&i [13],



Handayani et al: EEG signals in Mild Cognitive Impairment (MCI)

impairment in the temporal coordination of this remal acti-
vity contributes to cognitive impairment in patientith AD.

The magnitude of the functional
synchronization between the two continuous sigreat de
measured by the linear and nonlinear estimatovsyridite and
multivariate approaches, directed and undirectezhsures
[14]. The measure of the linear synchronization dgample
cross correlation and spectral coherence, whereasnon-
linear synchronization expressed in mutual infoiorgt
entropy transfer, Granger causality, or the noaline
interdependence and phase synchronization [15].

Most of the results of previous research stated i AD
patients has decreased coherence spectral in abaind
compared with healthy elderly [16-19]. As for theEG&
coherence of delta and theta bands, several sthdigsshown
contradictory results, ie an increase or decreassoherence
[16,19-20]. The results of the analysis of synciration with
the Synchronization likelihood (SL) reported thatAD and
MCI subjects loss of functional connectivity in th@gh
frequency alpha and beta bands [10,21]. Anothedystu
reported a poor SL in AD patients at delta, thataha and beta
bands [22]. SL in MCI was lower than normal eldepgople
and SL in AD was lower than MCI in the midline aright
fronto-parietal electrodes [23].

In this study, the measure of synchronization usethe
spectral coherence and phase synchrony, whereabetim the
frequency domain. Spectral coherence and phasémymcare
the bivariate method which measures the synchrtioiza
between the two time series of EEG electrode pAir.
comprehensive  intrahemispheric  and
coherences from all combinations of electrode painsl phase
synchronization of neural activity from EEG datae ar
presented. The objective of this study was to obsaiditional
information about brain connectivity in MCI patientand
compared to healthy elderly subjects. Data acdmisiprocess
used a portable wireless EEG system is the propostidod in
this study. The overall results were statisticalsted to
observed any significant difference between theigsoof MCI
patients and the healthy elderly subjects.

Materials and Methods

Subjects

The subjects consisted of 10 MCI patients (3 maled 7
females) at the age of (72.20 £ 7.29) years. Thapsym
severity was assessed using Mini Mental State BExaiioin

(MMSE) [24] and Montreal Cognitive Assesment (MoCA)

[25], which revealed overall scores of (20.30 £X).&nd
(16.60 £ 1.95) respectively. The control group dstesl of 12
healthy subjects (4 males and 8 females) with noategical
abnormalities and no personal psychiatric histdyey were
aged (70.17 £ 4.36) years, had a MMSE score o22%.2.00)
and a MoCA score of (26.50 + 1.24) (Sesble 1). All subjects
were volunteers who gave informed consent to uraérgin
recording.

connectivity and
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EEG Recording
EEG
electrodes (AF3, F7, F3, FC5, T7, P7, O1, O2, R8, HCS6,
F4, F8, AF4) according to the international 10-g6tesm. The
EEG data were recorded at a sampling rate of 128&itlz a
resolution of 0.511V and a bandwidth of 0.2-45 Hz. Noise was
filtered with notch filters at 50 Hz and 60 Hz. Tkabjects
were placed in a resting condition with their egkxsed for 20
minutes during the time of recording. Artifacts Buas eye-
blinking and muscle activity were rejected by visnapection.

Coherence Analysis

Coherence is a linear measure of the correlatidwdan two
signals as a function of frequency. Coherence can
interpreted as a measure of the degree of syncatbonm
between the brain signals in specific brain are28,2[7].
Coherence is calculated from a pair of signalsna g The
magnitude is the square cross-spectrum of the tgoaks
divided by the product of the power spectral déesifPSD) of
each signal, formulated as [28]:

Wiy |29

Eqg. 1
Wx(f)*Wy(f) q

Coy(f) =

whereW,, is the cross-spectral density of the two sigriais,
the frequency\ is the PSD ok, andW, is the PSD of.
Absolute power values in the following frequencgnbs:
delta (1-4 Hz), theta (4-7 Hz), alpha (7-13 Hz) &eth (13-30
Hz) were used. Intrahemisphere EEG coherence Weslated
for all combinations of electrode pairs. Interhguhisre

interhemispheric coherence was calculated for the seventh elecpaite: AF3-

AF4, F7-F8, F3-F4, FC5-FC6, T7-T8, P7-P8 and Ol-a2,
shown inFigure la

Table 1. Clinical characteristics of MCI and control subjects.

MCI group Control group p-value
(N=10) (N=12)
Age (years) 72.20£7.29 70.17 £4.36 0428
Male:Female 37 4:8 0.867
MMSE score 20.30 £0.82 27.25+2.00 0.boo
MoCA score 16.60 £ 1.95 26.50£1.24 0.500

YIndependent-samples t-te¥Chi-square test

(a) (b)
Figure 1. (a) The homologous interhemisphere electde pairs, (b)

the electrode pairs for the PLV analysis.

recording was performed using Emotiv Epoc 14
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For further analysis, the coherence was divideal twb groups
based on the distance between each pair of elestrad. local
coherence and distal coherence. Local coherence¢héoteft

hemisphere included the following pairs of elecasidAF3-F7,
AF3-F3, AF3-FC5, F7-F3, F7-FC5, F7-T7, F3-FC5, FICAh-
P7-O1. Distal coherence for the left hemispherduded the
following pairs of electrodes: AF3-T7, AF3-P7, AR, F7-

P7, F7-01, F3-T7, F3-P7, F3-O1, FC5-P7, FC5-O1,PT7-
T7-O1. Local coherence in the right hemisphereuidet the
following pairs of electrodes: AF4-F8, AF4-F4, AFREG6, F8-

F4, F8-FC6, F8-T8, F4-FC6, FC6-T8, P8-0O2. Distdlarence
in the right hemisphere included the following paiof

electrodes: AF4-T8, AF4-P8, AF4-02, F8-P8, F8-02;Ts,

F4-P8, F4-02, FC6-P8, FC6-02, T8-P8, T8-02.

Phase Locking Value (PLV)

The PLV method is a representative method for abigi a

statistical measure of the strength of phase spmitation of

neural activity from EEG data. Phase synchronyrsefe the

interdependence between the instantaneous phasds/oof
signals. The instantaneous phases are synchroeizsdif the

amplitudes of both signals are statistically indefent. Phase
synchrony, defined as the locking of the phasescist®d to

each signal, is expressed as [12]:

(|>x(t) - (|>y(t)| = constant Eq. 2

To estimate the instantaneous phase of a signalHilbert
transform was used:

H(t) = x(t) + i%(t) Eq. 3
wherex(t) is the Hilbert transform of (t), defined as:
#(t)= 2 PV f_""w% dt’ Eq. 4

where PV denotes the Cauchy principal value. Thedyéinal
signal phase is defined as:

o(t) = arctan =2 Eq.5

x(t)
The PLV bivariate metric for two signals(t) and y(t), is
then defined as the average value:

PLV = [55 o!(0xU20-0¢20)| Eq. 6

Where N is the sample number of each signal audis the
sampling period. The PLV takes a value within [Qyhere 0
indicates a lack of phase synchronization and IJicates
perfect phase synchronization (the phase differarmées a
small amount accross the signals). PLV calculasdmased on
the method introduced by Lachaux [29]he stages of PLV
calculation include: (1) filtering the signal withn finite
impulse response (FIR) band-pass filter, (2) cakig the
instantaneous phagé¢) with the Hilbert transform, and (3)
normalization of the PLV so it has a value betw@emd 1.
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The PLV analysis was performed only in areas aasetiwith
the long cortico-cortical connection which includeelectrode
pairs for the left hemisphere (FC5-T7, FC5-P7, FL)-T7-
01, P7-0O1) and 5 electrode pairs for the right lspimére
(FC6-T8, FC6-P8, FC6-02, T8-02, P8-02) as shown
Figure 1b.

Statistical Analysis

SPSS for Windows was used for statistical datayarglGroup
differences between the patients with MCI and tlealthy

elderly subjects in age, MMSE and MoCA score waseased
using Independent t-test. We investigated whetheret were
statistically significant differences in EEG cohare between
the MCI patients and the control subjects. For phigpose, we
applied the Mann-Whitney U test to the both of tBEG

coherences (intrahemispheric and interhemisphehemences)
from the MCI patients and the healthy elderly satge The
Mann-Whitney U test is a hon-parametric test thaideful for
determining if the means of two groups differ freach other.
A lower p-value indicates a higher significance tfe

difference between the medians of two populatida§.[

Results

Table 1 shows the results of the statistical data anafgsithe
MCI patients and the control subjects. The scarehe MMSE
and MoCA test differed significantly between botloups,
where the MCI group scored lower than the contnalug
(p<0.05).

The results of the interhemisphere coherencesttati test
are presented iffable 2 There is a significant difference of
coherence in the electrode pair F7-F8 (p = 0.0B€B-FC6 (p
= 0.038) for the delta band and a pair of electsdelé5-FC6 (p
= 0.003); T7-T8 (p = 0.009) for the theta band. fas the
higher frequency band, there is a significant diffee of
coherence in the electrode pair T7-T8 (p = 0.080%P8 (p =
0.029) for the alpha band and a pair of electrasie3-AF4 (p
= 0.002); F7-F8 (p = 0.015); FC5-FC6 (p = 0.008}:F8 (p =
0.012) for the beta band. The total spectral cotwréor the all
combination of electrode pair showed delta cohareincthe
MCI group greater than the control group. Instebzha and
beta coherences in the MCI group decreased compatiethe
control group. For the total theta coherence, thisreno
significant changes.

The maximum interhemisphere coherence was obseated

the electrode pair AF3-AF4 (anterior frontal arday all

frequency bands. In general, the coherence in péissijacent
electrodes (local coherence) showed higher valDesversely,
the coherence was reduced as a function of théabpédtance
between pairs of electrodes (distal coherence) . [30je
difference in value of the interhemisphere cohegers
graphically represented Figure 2.
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Table 2. The mean value + standard deviation of thenierhemisphere coherence for all frequency bands.

Delta Coherence Theta Coherence
Electrode Pairs MCI Control MCI Control
(Mean * SD) (Mean * SD) p-value (Mean * SD) (Mean * SD) p-value
AF3-AF4 0.59 £ 0.08 0.57+0.14 0.741 0.65+0.14 0.73+0.08 0.198
F7-F8 0.33+0.05 0.24 £0.05 0.004* 0.38 £0.08 0.36 £0.12 0.262
F3-F4 0.44 +0.09 0.38 +0.17 0.947 0.44 £0.12 0.43+0.15 0.792
FC5-FC6 0.37 £0.07 0.34 £ 0.05 0.038* 0.29 £0.06 0.39 £ 0.09 0.003*
T7-T8 0.27 £0.05 0.24 £0.09 0.075 0.27 £0.07 0.20 £0.03 0.009*
P7-P8 0.31 +£0.02 0.32 +0.09 0.468 0.27 £ 0.06 0.32 +0.07 0.166
01-02 0.47 +0.06 0.28 + 0.05 0.069 0.32+0.13 0.35+0.08 0.235
Alpha Coherence Beta Coherence
Electrode Pairs MCI Control MCI Control
(Mean + SD) (Mean * SD) p-value (Mean * SD) (Mean + SD) p-value
AF3-AF4 0.75+£0.12 0.82 +0.11 0.210 0.57 £0.12 0.74 +£0.04 0.002*
F7-F8 0.44 +0.08 0.52 +£0.16 0.322 0.40+0.11 0.52 +0.07 0.015*
F3-F4 0.64 +£0.17 0.58 £ 0.15 0.429 0.52 +£0.13 0.63 +0.08 0.056
FC5-FC6 0.43 +0.09 0.50 £0.12 0.235 0.29 £0.10 0.41 +0.06 0.008*
T7-T8 0.31+£0.05 0.38 +0.04 0.000* 0.27 £0.11 0.32+0.08 0.099
P7-P8 0.26 + 0.05 0.30 £ 0.03 0.029* 0.22 £ 0.05 0.29 + 0.05 0.012*
01-02 0.33+0.07 0.40 £ 0.08 0.099 0.37 £0.09 0.43+0.07 0.146
*indicates p<0.05 (Mann-Whitney U test)
1.00 - 1.00 ~
0.90 - B MCI Group 0.90 - B MCI Group
0.80 - M Control Group 0.80 - B Control Group
0.70 ~ 0.70 -
g 0.60 - 8 060 -
$ 050 - $ 0.50 -
£ 040 - S 0.40 -
8 (&}
0.30 -+ 0.30 -+
0.20 -~ 0.20 -~
0.10 -+ 0.10 -~
0.00 - 0.00 -
AF3-AF4 F7-F8 F3-F4 FC5-FC6 T7-T8 P7-P8 01-02 AF3-AF4 F7-F8 F3-F4 FC5-FC6 T7-T8 P7-P8 01-02
Electrode Pairs Electrode Pairs
(@) (b)
1.00 - 1.00 -
0.90 - B MCI Group 0.90 4 B MCI Group
0.80 - ® Control Group 0.80 ® Control Group
0.70 0.70
g 060 g 0.60
§ 0.50 § 050
[
§ g::g 5 040
0.30
0.20 0.20
0.10 0.10
0.00 0.00
AFS-AF4 F7-F8  F3-F4 FCS-FCE T7T8 P7-PE8 0102 AF3-AF4 F7-F8 F3-F4 FC5-FC6 T7-T8 P7-P8 01-02
Electrode Pairs Electrode Pairs
(c) (d)

Figure 2. Comparison of interhemisphere coherencedtween the MCI group and the control group for dela (b) theta (c) alpha and (d) beta
frequency bands.
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Coherence of electrode pairs with a statisticatifitance of p Furthermore, we observe the measure of phase symchin
<0.05 at the left intrahemisphere and the rightaimtmisphere EEG data. Phase synchrony measures used was PLW. PL
shown in Table 3. From the table it appears that the left statistics can be regarded as a proxy for braimectivity. If
intrahemisphere has a number of pairs electrodeh wit the EEG signals from two channels under experinhenta
coherence significant difference more than the trigh conditions, exceed their baseline value simultaskoup and

intrahemisphere. Based on the calculation of totdlerence down, then there is synchronization (enhanced auivily)
obtained the information that coherence at the M@up between the two signals. If they are lower tharnrthaseline
lower than the control group for the high frequebeyd (alpha value then there is desynchronization (decreasadentivity)
and beta bands). between the two signals.
Table 4 shows the electrode pairs with maximum coherence
for all frequency bands, in MCI and control groufsr the Table 3. Electrode pairs of the left intrahemisphereand the right
MCI group, the maximum local coherence in the dékad gl'gz;hemlsphere coherences with statistical signifiance of p <
was observed at the electrode pair F7-FC5 (lefithloarea). F - e —
. e left Intranemispnere erl Intranemispnere
On the theta and alpha bands, the maximum locatreolce re;'“ency OTISP g . P
. ) and Electrode Pairs p-value Electrode Pairs p-value
was observed at the glectrode pair F8-FC6 (rlgimta_i area) o AF3-FCS 0018 AFATS 0,041
and on the beta band it was observed at the etecfrair AF3- elta F7-T7 0.048 FC6-02 0.035
F3 (left frontal area). The maximum distal coherermn all F7-FC5 0.021
frequency bands was observed at the electrode P8 Theta |'::3721 8'822 AFF84_0022 8'822
(righ_t temporo-parietal are_a). For the control grouhe P7.01 0.000 '
maximum local coherence in the delta band was wbdeat F7-FC5 0.017
the electrode pair AF3-F7 (left frontal area). @a theta, alpha F7-01 0.021 AF4-02 0.044
i Ipha FC5-P7 0.017 ' '
and beta bands, the maximum local coherence was\ais at Alp F8-02 0.003
. . FC5-01 0.018
the electrode pair F7-FC5 (left frontal area). Theximum P7-01 0.015
distal coherence in the delta and theta band wsesrebd at the AF3P7 0.002
electrode pair FC6-P8 (right fronto-central-patiet@a). In the F7-FC5 0.010 AF4-F4 0.023
beta band, the maximum distal coherence was olbatvthe Beta F7-01 0.025 F8-02 0.041
electrode pair T8-P8 (right temporo-parietal area) Fes-ol 0.019
' T7-01 0.012
Table 4. Electrode pairs with maximum intrahemispherecoherence for all frequency bands.
Delta Theta Alpha Beta
Electrode
MCI Control MCI Control MCI Control MCI Control
AF3 F3 F7 F3 F3 F3 F3 F3 F3
(0.488) (0.547)* (0.576) (0.671) (0.734) (0.769) (0.618)* (0.632)
- FC5 AF3 FC5 FC5 FC5 FC5 FC5 FC5
(0.502)* (0.547)* (0.576) (0.722)* (0.646) (0.846)* (0.458) (0.688)*
F3 AF3 AF3 AF3 AF3 AF3 AF3 AF3 AF3
(0.488) (0.518) (0.576) (0.672) (0.734) (0.796) (0.618)* (0.632)
Fcs F7 F7 F7 F7 F7 F7 F3 F7
(0.502)* (0.536) (0.576) (0.722)* (0.646) (0.846)* (0.463) (0.688)*
7 FC5 F7 FC5 F7 F7 F7 P7 F7
(0.435) (0.441) (0.426) (0.393) (0.399) (0.366) (0.308) (0.368)
p7 T7 T7 T7 o1 o1 o1 o1 01
(0.381) (0.339) (0.345) (0.557) (0.375) (0.504) (0.389) (0.483)
o1 P7 P7 P7 P7 P7 P7 P7 P7
(0.363) (0.424) (0.301) (0.557) (0.375) (0.504) (0.389) (0.483)
o2 P8 P8 P8 P8 P8 P8 P8 P8
(0.427) (0.385) (0.412) (0.500) (0.475) (0.580) (0.488) (0.511)
P8 T8 FC6 T8 FC6 02 02 02 T8
(0.482) (0.436) (0.484) (0.532) (0.475) (0.580) (0.488) (0.545)
8 P8 FC6 P8 P8 P8 FC6 P8 P8
(0.482) (0.363) (0.484) (0.470) (0.629) (0.557) (0.483) (0.545)
Fco F8 AF4 F8 F8 F8 F8 F4 F8
(0.425) (0.519) (0.646)* (0.718) (0.747)* (0.829) (0.501) (0.686)
Fa T8 AF4 AF4 AF4 AF4 AF4 AF4 AF4
(0.330) (0.403) (0.511) (0.498) (0.703) (0.639) (0.592) (0.480)
Fs AF4 AF4 FC6 FC6 FC6 FC6 AF4 FC6
(0.476) (0.419) (0.646)* (0.718) (0.747)* (0.829) (0.529) (0.686)
AF4 F8 FC6 F8 F8 F4 F8 F4 F8
(0.476) (0.519) (0.573) (0.626) (0.703) (0.735) (0.592) (0.542)

* indicates the maximum coherence value
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Table 5. The mean value istandard deviation of PLV in MCI
group and control group for alpha band.

Electrode Pairs MCI Control p-value
(Mean £ SD) (MeantSD

FC5-T7 0.1464 +0.0117 0.1482 +0.004 0.151
FC5-P7 0.1444 +0.0085 0.1497 £ 0.008 0.044*
FC5-01 0.1480 +0.0074 0.1468 + 0.006 0.734
T7-01 0.1444 + 0.0053 0.1514 + 0.007 0.014*
pP7-01 0.1468 +0.0041 0.1480 +0.004 0.650
FC6-T8 0.1445 +0.0072 0.1454 +0.006 0.740
FC6-P8 0.1484 + 0.0071 0.1495 + 0.006 0.545
FC6-02 0.1464 +0.0082 0.1432 +0.008 0.326
T8-02 0.1491 +0.0074 0.1451 +0.005 0.053
P8-02 0.1449 + 0.0058 0.1492 +0.003 0.049*

*indicates p<0.05 (Mann-Whitney U test)

Table 6. The mean value * standard deviation of PLVin MCI
group and control group for beta band.

Electrode Pairs MC Control p-value
(Mean £ SD) (MeantSD

FC5-T7 0.1401 + 0.0027 0.1484 +0.003 0.039*
FC5-P7 0.1360 £ 0.0060  0.1430 + 0.004 0.047*
FC5-01 0.1384 +£0.0042  0.1441 +0.004 0.045*
T7-01 0.1404 + 0.0067 0.1433 + 0.005 0.273
pP7-01 0.1382 +0.0048  0.1477 +0.004 0.026*
FC6-T8 0.1380 £ 0.0050  0.1440 +0.003 0.087
FC6-P8 0.1390 £ 0.0050  0.1506 + 0.006 0.012*
FC6-02 0.1429 +0.0038  0.1435 +0.003 0.344
T8-02 0.1411 + 0.0047 0.1475 + 0.004 0.042*
P8-02 0.1392 +0.0052  0.1422 +0.003 0.199

*indicates p<0.05 (Mann-Whitney U test)

Phase Locking Value

0,170 -
0,160 -
0,150 -
0,140 -
0,130 -
0,120 -

0,110 -

0,100 -

FC5-T7 FC5-P7 FC5-01 T7-01 P7-01 FC6-T8 FC6-P8 FC6-02 T8-02 P8-02

u MCl Group
Control Group

Electrode Pairs

Figure 4. Comparison of phase locking value between the MC
group and the control group for the long corticc-cortical
connection in the alpha frequency.

Phase LockingValue

0,160 4
0,150 A
0,140 A
0,130
0,120 A

0,110 A

0,100 A

FC5-T7 FC5-P7 FC5-01 T7-01 P7-01 FCG-T8 FCG-P8 FC6-02 T8-02 PR-02

Eleclrude Pairs

B MCI Group
Confrol Group

Figure 5. Comparison of phase locking value between the MC
group and the control group for the long corticc-cortical
connection in the beta frequency.
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In this study, the PLV calculation focused on aredated tc
the long cortico-cortical connection, i.e. the connecti
between the area of temp-parieto-occipital to the frontal
area, both in the left and the right hemispheres ésults o
PLV calculation on the MCI group and the contrabgw was
only performed for the alpha and betequencies Tables 5
and6). Comparisons of the PLVs from the MCI group ahd
control group are respectively presentecFigures 4 and5.
From Figure 4 shows that in the MCI group, there are se
pairs of electrodes that have PLV lower than thetred group
at the alpha band. The seven electrode pairs aeleth
frontocentral-temporal (FC%7), the left frontocentr-parietal
(FC5-P7), the left temporoecipital (T O1), the left parieto-
occipital (P701), the right frontocentr-temporal (FC6-T8),
the right frontocentraparietal (FC-P8) and the right parieto-
occipital (P802). In the beta band, it appears that all of
PLVs in the MCI group were lower when compared he
control group.

Discussion

The interhemispheric coherence in elderly subjects resting
state decreases with advancing age [31]. In thesept
research, the interhemispheric coherence of the §t@ip for
the delta and theta bands increased on severat pd

electrodes. In the frontal and temporal areas, 't
interhemispheric coherence in the MCI group wasitgrethar
in the control group. Meanwhile, the interhemispt

coherence in the alpha band decreased at almoptiadl of
electrodes. The decrease in interhemisphertherence in the
occipital area is consistent with results that hlasen reporte

by Anghinah [32]. For the beta band, the interhgimésic

coherence in the control group was higher thanhia MCI

group for all electrode pairs.

There was an increase ire left intrahemispheric temporo-
parietal coherence and a decrease in the riglagheimispheris
temporoparietal coherence in the MCI group compared tc
control group for almost all bands, with the exéaaptof the
beta band. These findings are connt with the result that
was reported by Sankari [28]. In neurology it isll-known
that in the early stages of AD changes occur in Idfe
temporoparietal area, followed by changes ihe right
temporo-parietal area.

The increase in delta coherenceld be related to a lack of
influence of subcortical cholinergic structures aortical
electrical activity [16]. In patients with AD, furér reduction:
in the interhemispheric alpha banc¢-12 Hz), in the coherence
between occipital lobes [32] and in tttemporo-parieto-
occipital areas [16] have been reported. An ina@éaslelta (-

3 Hz) coherence between the frontal and the postareas an
the decrease in alpha coherence could be relataliet@tions
in corticocortical connections. Leutcher [Lhave stated that
the decrease in alpha coherence is due to the imeai of
corticocortical connections, especially from long fibehat!
connect the temporo-parietmcipital to the frontal area of tt
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brain. The earliest spectral changes in AD patientsesting
state are an increase in theta activity accompatigda
decrease in beta activity, which are followed bgezrease in
alpha activity [33]. The delta frequency increakser during
the course of the disease [34-35].

Several medical studies have reported that somestyf
neurophysiological disease, including AD, are aisged with
abnormalities of neural synchrony. The brain signah
different areas become less correlated in patigitts AD [36].
Several studies have reported a decrease in thaitmag and
the phase coherence of the EEGs of patients with &h@ AD
[16,32,36-39]. However, other studies have repottet no
effects on phase coherence were observed betweeamAkhe
control group [21] or between MCI and the contnalup [40].

Phase synchronization is the quantity that dessrithe
measure of the functional connectivity and neunlviy of
the brain based on EEG signals. In this reseahehnteasure
of the signal synchronization was expressed inRh¥. The
PLV calculation method, based on the Hilbert transfation,
was developed by Lachaux [29]. Based on a compan$the
PLVs in the alpha band, it was shown that the PEdfsthe
right temporo-occipital area and both the left ahd right
frontocentral-occipital area were higher in the Mebup than
in the control group. Meanwhile, for the beta bahé, PLVs of
the MCI group were lower than those of the congnaup for
all pairs of electrodes. Therefore, it can be shat the MCI
patients experienced a loss of beta-band synclatoiz

Stam [21] have reported that AD patients expeddoss of
beta-band synchronization, which is correlated wittore
severe cognitive dysfunction. This condition isleeted in a

lower MMSE score. Some researchers have examined th

importance of synchronization at high frequenc@scbgnitive
processes [41]. Loss of beta-band synchronizatioes dhot
occur simply because of aging, but rather indicttitesspecific
pathology of AD.

In the present work, bivariate estimators are uUsedorain
functional connectivity studies of EEG data. Acdogd to
Kaminski and Blinowska (2014) this type of estimatms

disadvantages associated with common feeding ofyman

spurious connections [N (N-1) /2 - N] so that iceeds the
actual number of connections [42]. This problem aatually
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be solved by using a multivariate estimator. Bute th
multivariate approach is less sensitive than batarestimators
associated with false indirect connections [43]e Thoice of
methods for measuring brain connectivity dependseweral
aspects such as robustness of inputs, noise andmeol
conduction [44]. Phase synchrony, mostly the PL\bng of
the most commonly used methods of neural coupig [
Despite the lack of common feeding related spuriou
connections, the results of this study found diatily
significant differences in coherence and synchitivon values
between MCI and control groups. This differencebserved
in some electrode pairs for specific brain waveydiencies.
The findings related to the loss of beta band syorihation
mentioned above may be used for early diagnosidof

Conclusions

This paper presented coherence of electrode paicbserved
in four frequency bands and phase synchrony iratplea and
beta bands. This reported research confirms thaltsesf
previous coherence studies on MCI patients thatvedoa
decrease in both the intrahemispheric and theheteispheric
coherence especially in the beta band. Based on the
measurement of phase synchrony in patients with ,MCI
decrease in signal synchronization occurs in solaetrede
pairs for the alpha band and on all electrode pfairsbeta
band. Electrophysiological measures such as coberamd
phase synchrony may provide an alternative scrgemiethod
for early detection of MCI in potential AD patients the next
research, will be studied in more detail about EH&a
analysis using multivariate method.
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