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Abstract. [Purpose] This study investigated the potential of quantitative electroencephalogram (EEG) analysis for
dementia diagnosis by examining the correlation between each frequency band of EEG using a sample of normal and
demented elderly women. [Subjects] Thirty-three elderly women (17 normal, 16 demented) without history of brain
disease were participated in this study. [Methods] EEGs of the subjects were measured continuously for 5 minutes
while subjects’ eyes were closed. The AT index was defined as the ratio of the theta wave to the SMR wave; the AC
index was defined as the ratio of the low beta wave to alpha wave; and the ST index was defined as the ratio of the high
beta wave to the alpha wave. The differences in brain activity between normal and demented elderly women were
analyzed using the Mann-Whitney test and the SPSSWIN (ver. 12.0) program. [Results] All areas showed a lower AT
index among normal elderly women compared to demented elderly women. In the P4 area, the AC index and the ST
index were significantly higher in normal than in demented elderly women, indicating there is a difference in brain
activity between normal and demented elderly women. [Conclusion] These results show that quantitative EEG analysis

can be used for dementia diagnosis.
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INTRODUCTION

Persons with normal cognitive function can experience a
sudden decrease in intellectual function such as
deterioration in memory, visuospatial ability, executive
function, language ability, calculating ability and judgment
through degenerative changes or vasculogenic changes. A
disease that causes such changes is dementia. Dementia is a
mental disability that causes gradual deterioration in ability
to perform activities of daily living and social activity after
starting as a disability in cognitive function. In severe cases
of dementia, an elderly individual cannot independently
perform activities of basic daily living.

Even though early diagnosis of dementia is very
important in preventing the progress of dementia and
cognitive rehabilitation, the accuracy of diagnosis
depending on the clinical method is as low as 60-80%.
Moreover, the symptoms of early dementia patients are not
distinguishable from the cognitive functional disabilities of
normal elderly people or those of depression patients.
Hence, a method for objectively diagnosing dementia is
necessary. Single photon emission computed tomography

(SPECT), positron emission tomography (PET), functional
magnetic resonance imaging (FMRI), and
electroencephalography (EEG) are widely used for
diagnosing dementia. EEG captures electrical changes that
appear during the signal transition process among cranial
nerve cells and has the advantages of non-invasiveness and
relative ease of use for monitoring brain functions. Human
thinking and behavior are controlled by the cerebral cortex
function which depends on the activities of the many cranial
nerve cells whose activities can be observed in brain-waves.
Considering this, brain-wave monitoring is a useful tool for
objectively and continuously evaluating cerebral cortex
function. Quantitative EEG (qEEG) has recently been
developed and implemented. It has an advantage in that non-
specialists can easily analyze brain waves using a computer.

This study provides evidence supporting the future usage
of quantitative EEG analysis dementia diagnosis. We
examined the correlation between each frequency band of
brain waves in an EEG analysis using data collected from a
research sample of normal elderly women and demented
elderly women.
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SUBJECTS AND METHODS

Thirty-three women from among the elderly women
living in three care facilities for the elderly located in Busan
and the rural area of Buyeo-gun who agreed to voluntary
participation were chosen as study subjects. All the subjects
could sustain independent daily living and had no history of
brain disease such as stroke and schizophrenia. The medical
records of the demented elderly were used to confirm the
brain disease. The selected subjects did not have
overactivity of the muscles, such as facial spasm, that could
affect EEG or visual problems in distinguishing objects. The
sample subjects did not have hearing impairments or
difficulties with language communication. The total sample
consisted of 33 persons. Among them 17 subjects with
MMSE-K score higher than 24 were classified as normal
elderly women and the remaining 16 subjects who had
MMSE-K score lower than 19 were classified as demented
elderly women. The average age of the normal elderly
women was 80.36 years and that of the demented elderly
women was 79.32 years.

EEGs were measured using an electroencephalograph
(Nihonkhoden, Inc., Japan). The attachment sites of the
electrodes were determined following the international
standard of the 10-20 electrode method: Fpl, Fp2, Fpz, F3,
F4,F7, F8, Cz, C3, C4, T3, T4, TS5, T6, Pz, P3, P4, Ol, and
02, linked to the earlobe. EEGs were measured
continuously for 5 minutes with subjects’ eyes closed and
keeping awake. This study used quantitative approach to
analyze the brain waves. In the measurement of EEG, the
time constant was 0.3 seconds, the sensitivity was 10 4V,
and the highest frequency was 60 Hz. Brain waves were
categorized following convention into theta waves (4-7Hz),
alpha waves (8-13Hz), SMR waves (12-15Hz), low beta
waves (14-20Hz), and high beta waves (21Hz—30Hz). The
attention index (AT index) was defined as the ratio of the
theta wave to the SMR wave; the activation index (AC
index) was defined as the ratio of the low beta wave to the
alpha wave; and the stress index (ST index) was defined as
the ratio of the high beta wave to the alpha wave. A high AT

index implies low activation with a not-alert brain; a high
AC index implies active use of the brain; and a high ST
index implies a continuous response to outside stimulation
in the brain even when the eyes are closed to block out
outside information. In order to examine whether there is a
difference in brain activity between normal elderly women
and demented elderly women, the nonparametric Mann-
Whitney test was conducted. SPSSWIN (ver. 12.0) was
used for the data analysis with a significance level of
a<0.05.

RESULTS

The AT index indicates the concentration level through
the ratio of the theta wave that shows the sleep state and the
SMR wave that shows the awakeness states. In the
comparison of the AT indexes between the normal elderly
women and the demented elderly women, Fp1 (p<0.05) and
Fp2 (p<0.05) in the prefrontal lobe that is closely related
with cognitive function, F3 (p<0.05), F4 (p<0.05), F7
(p<0.05), and F8 (p<0.05) in the frontal lobe of the motor
area, and Pz (p<0.05), P3 (p<0.05), and P4 (p<0.05) in the
parietal lobe of the sensory area all showed lower AT
indexes in the normal elderly women than in the demented
elderly women. In the AC index, Fpl and Fp2 in the
prefrontal lobe, F4 and F7 in the frontal lobe, and Pz, P3,
and P4 in the parietal lobe showed higher AC indexes in the
normal elderly women than in the demented elderly women;
however, only P4 (p<0.05) showed a significant difference.
The normal elderly women also had higher ST indexes than
the demented elderly women in Fpl and Fp2 in the
prefrontal lobe, F3, F4, F7, and F8 in the frontal lobe, and
Pz, P3, and P4 in the parietal lobe. However, only P4
(p<0.05) showed a significant difference (Table 1).

DISCUSSION
The brain controls all the sensory and cognitive functions

of the body, manages instincts including eating and
sleeping, handles simple sensory data from watching and

Table 1. Comparison of brain activity (unit: @V)
AT AC ST
Normal Demented Normal Demented  Normal Demented
Prefrontal lobe
Fpl 1.29+0.61* 328+1.21* 0.59+0.53 048+0.29 0.74+0.77 0.47=+0.39
Fp2 1.31+£0.57* 345+125* 0.60+0.53 0.48+0.30 0.86+1.00 0.46=+0.37
Fz 1.52+0.68% 3.00+1.77* 046+041 044+026 0.50+0.60 0.31+0.29
Frontal lobe
F3 1.27+0.58*% 242+143* 0.51+048 0.52+0.32 0.54+0.63 0.40=+0.36
F4 1.32+0.53* 252+ 1.10# 0.57+0.53 0.50+0.30 0.62+0.71 0.39+0.35
F7 1.25+£0.65% 2.69+091* 0.51+0.50 047+0.27 0.52+0.54 0.41+0.33
F8 1.17+£0.53* 2.66+1.02* 047+039 0.53+0.31 0.53+0.56 0.52+0.38
Parietal lobe
Pz 1.02+0.56% 242+149* 0.78+0.15 0.30+0.23 0.56+0.69 0.22+0.27
P3 0.89+0.68* 227+1.86* 0.58+0.56 028+0.17 048+0.63 0.20+0.20
P4 0.94 +0.53* 2.57+1.62* 0.66+0.62* 0.26+0.21* 0.59+0.64* 0.19 +0.22*

Mean + SD. *: p<0.05. AT: Attention index, AC: Activation index, ST: Stress index.



listening, and manages complicated actions such as painting
or solving equations. As the thinking activity in these
complex brain functions is carried out by cranial nerves and
the frontal lobe, it is possible to analyze the activity of the
brain in the frontal region including the prefrontal regions.
Also, attention and working memory are known to be
influenced by the prefrontal regions and the parietal lobe in
general. Accordingly, the cranial nerve cells are ceaselessly
active and EEG measures the electrical changes generated
by their activity using electrodes.

Among the brain waves that appear when taking a rest
with the eyes closed, the theta wave shows up before
sleeping in conditions such as being dozy or about to fall
asleep, and hence it indicates decreased brain function.
Meanwhile, the alpha wave, which is observed when
processing and memorizing data obtained from outside is
indicative of normal brain function. The SMR wave
indicates a clearly awakened brain. The low beta wave is a
waveform that is manifested in mental activity requiring
concentration, while the high beta wave is manifested when
excessive amounts of data in excess of the decision-making
ability of the cerebral cortex.

The AT index is the ratio of the theta wave showing the
sleep state and the SMR wave that shows the awakening
state. A high AT index indicates poor ability to focus on
outside stimulus and low wakefulness of the brain. The AC
index is the ratio of the alpha wave, that appears when the
brain recalls outside stimulus from memory, to the low beta
wave, that shows active cognitive function such as
calculation. A high AC index indicates active cognitive
activity of the brain. The ST index is the ratio of the high
beta wave to the alpha wave, and is high during thinking or
responding sensitively to outside stimulus.

According to the study results, the normal elderly women
had a significantly lower AT index in the prefrontal regions
which is related to cognitive function, the frontal lobe which
is related to motor function, and the parietal lobe which is
related to sensory function than demented elderly women.
This shows that the wakefulness that supports strong
concentration ability in the normal elderly women was
better than that in the demented elderly women. Meanwhile,
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normal elderly women had AC and ST indexes that were
significantly higher in the right parietal lobe (P4) as well as
in the left parietal lobe (P3) though without statistical
significance. Considering that the parietal lobe is the area
which receives external sensory stimulus, high AC and ST
indexes in the parietal lobe may imply that normal elderly
women respond more sensitively to outside stimuli with
stronger analytical ability than demented elderly women. To
sum up, the normal elderly women had better cognitive
ability than the demented elderly women in their responses
to external stimuli and learning, and these results show that
it may be possible to use quantitative EEG analysis for the
diagnosis of dementia.

REFERENCES

1) Choi KK: Nervous system disorders of the elderly. Korean Medical
Association, 2005, 48: 140-146.

2) Grasel E, Wiltfang J, Kornhuber J: Non-drug therapies for dementia: an
overview of the current situation with regard to proof of effectiveness.
Dement and Geriatr Cogn Disord, 2003, 15: 115-125.

3) Wade JPH, Mirsen TR, Hachinski VC, et al.: The clinical diagnosis of
Alzheimer’s disease. Arch Neurol, 1987, 44: 24-29.

4) Go HJ, Kim HR, Kim DJ, et al.: Spatio-temporal pattern analysis in eeg of
alzheimer’s dementia - a preliminary report using karhunen - loeve method
for clinical implication. The Korean Neuropsychiatric Association, 2000, 39:
402-411.

5) Kwon HK, Lee KI: Problem-based EEG neurofeedback training design
model for the science learning. Journal of Korean Data Analysis Society,
2007, 9: 1885-1899.

6) Park SY, Ko MM: A Study on SEEG (Statistical EEG Analysis). Journal of
Korean Data Analysis Society, 2008, 10: 1313-1325.

7) Park BW: A study on optimization of brain function using correlation between
EEG band. Journal of the Korean Jungshin Science Society, 2004, 21: 103—
108.

8) Park JK, Kim YJ, Chang NK: The analysis of brain activation state based on
the electroencephalographic analysis in prefrontal lobe during thinking
activities. The Korean journal of biological education, 2002, 30: 54—65.

9) Huettel SA, Mask PB, McCathy G: Perceiving patterns in random series:

Dynamic processing of sequence in prefrontal cortex. Nat Neurosci, 2002, 5:

485-490.

Park SR: Analysis of the electroencephalogram activities concerning archers

cognitive strategies. National University of Seoul, Dissertation of Doctorate

Degree, 2005.

11) Oh HS: A comparison the changes of EEG according to the ability of
performing ‘e-Sports’ game. Korea National University Education,
Dissertation of Doctorate Degree, 2007.

10

=




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


