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Toward Early Detection of Cognitive Impairment in Elderly
Bayesian Classification of NL/MCI/AD Using fNIRS Measurement during Cognitive Tests
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Summary

This paper presents a new trial approach to early detection of dementia in the elderly with the use of functional

brain imaging during cognitive tests. We have developed a non-invasive screening system of the elderly with cognitive
impairment. In addition of our previous research of speech-prosody based data-mining approach, we had started
the measurement of functional brain imaging for patient having a cognitive test by using functional near-infrared
spectroscopy (fNIRS). We had collected 42 CHs fNIRS signals on frontal and right and left temporal areas from
50 elderly participants (18 males and 32 females between ages of 64 to 92) during cognitive tests in a specialized
medical institute. We propose a Bayesian classifier, which can discriminate among elderly individuals with three
clinical groups: normal cognitive abilities (NL), patients with mild cognitive impairment (MCI), and Alzheimer’s
disease (AD). The Bayesian classifier has two phases on the assumption of screening process, that firstly checks
whether a suspicion of the cognitive impairment (CI) or not (NL) from given fNIRS signals; if any, and then secondly
judges the degree of the impairment: cognitive impairment (MCI) or Alzheimer’s disease (AD). This paper also
reports the examination of the detection performance by cross-validation, and discusses the effectiveness of this study
for early detection of cognitive impairment in elderly subjects. Consequently, empirical results that both the accuracy
rate of AD and the predictive value of NL are equal to or more than 90%. This suggests that proposed approach is

adequate practical to screen the elderly with cognitive impairment.
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£ 1 A Breakdown List of Panicipants {N=50)
Age 64-70 7175 76-80 81-85 86-92 Total
Male | 3(2,0.1) | 2(1,1.0) | 43,1.0) | (142 2(0,0.2) 18(7.6.5)
Female 742,01y 52,00 | 82.5.1) 6(2 1, 3) 41.3.0) 32(14,13,5)
Subtotal | 10(6,2.2) | 96,3.0) | 12(5.6.1) | 13(3.5,5) |6(1.3,2) || 50(21,19.10)
Value in bracket means the number of subjects in NL. MCL. AD clinical groups,
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2 Snapshot of ENIRS measurement of an clderly participant having
a cognitive test.
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Bl4 Results of t-test for significant differences in channel-wise NIRS
signals between any single pair from NL, MCL, and AD groups.
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$Z [Villringer 97]. BafmiAORINL 7 OF88000 0 rhEET
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EFBIETRALZIENTETSS. TOEY, INIRS
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Ao i it
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eckoast, siatsees 77 foanees
NB Classifier (1st phase) | e imoannen
NL/CI i
NB Classifier (2nd phase) |
MC1/AD
NL MCI AD

5 Classification of NL/MCEAD by two-phase Bayesian Classifier.
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Original Signak
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Primitive Analysis
Feature Extraction

Bl 6 The outline of fNIRS primitive analysis.

l l

NIRS fiiter

B17 A filter design in fNIRS primitive analysis.

FLT, MRS NELITO 7 Rl L E@ARD
fNIRS RFRFBEZ TN TNINEFET 3.
Fr. il BFHFOER 7 F+ > %)V (CH: 1,5,6,10,14,15,19)
Fe. RERRTEFOFRRET 8 F+ > 3V (CH: 2,3,7,11,12,16,20,21)
Fl. fiSHRTHFOER 7 F v > %)V (CH: 4,8,9,13,17,18,22)
Rf. HHERDFA 5 F v >3RIV (CH: 23,24,26,27,30)
Rr. HRIBEDES 5 F v >RV (CH: 25,28,29,31,32)
Lf. EFRBEEDHTH 5 F ¥ > /1 (CH: 33,34,36,37,40)
LrEfIFAsE DS 5 F+v > &IV (CH: 35,38,39,41,42)

3.2 NIRS 5804
RMFREEORBZRITHMRL LT, FMHTHKL
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2 {NIRS Feature Candidates

fNIRS filtered | Feature / Statistics
Filter 1 (F1) Mean value (mean)
Fundamental Frequency (f0)
Centroidal Frequency (fc)
Maximum value (max)
Minimum value (min)
Variance (var)
Mean value (mean)
Fundamental Frequency (0)
Gradient of the linear regression
line (gr)
Variance (var)
Variance (var)

Filter 3 (F3)

Filterl-3 (F1-3)
Filter2-3 (F2-3)

L, #BE 1 FEIcOWTEEHASD 11 D INIRS
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33 RATIVFV IS5 T747F

HERED INIRS JlE7— 2 h B Uiz 77 D INIRS
MNHBEHHTY, BEZHREEERELLTRIY
TV 05T 74T 2IBRTD. IS5V T7A4TFEF
JVIZ I Naive-Bayes Classifier 2B L1z, 51 B
LT, BOSECRENSZIHE S MelET 5568
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5 2 BRPEODYIRIEE NBycryap D 288218587 3.
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#3 Selected INIRS Features

Classifier Selected Feature
NBxyc1 Fromomax, Lrsa fe
NBuiciap Lf #15 var, Lf ;1 mean, FC Fivar
#4  Classification Results
\M\ Detection NL MCI | AD || acecuracy
Clinical
NL 11 7 3 52.4%
MCI 1 14 4 73.7%
AD 0 1 9 || 90.0%
predictive value | 91.7% | 63.6% | 56.3 || 68.0% |
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73 4 L3 (Draper 98] ZROTIHERIET Y. 7
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BOWEE EEFROTIER .

4. NL/MCU/AD %3288
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Thiz INRS RO TR Y.
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L. AF2505 9L 145 4 T/ oy P BRUSEd
e ktrol. &1 SERESH SR ICEREE
NS, THhoolEp S, FCFHhFHhOE 18 (X
T OEBOTHOELICE - T 2 AR RRHE
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WHE SO BICHd 2HET A PO R EE
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BB o BEXHRINIEBESADE
HTHI NS N HOAMCILBERE ) C
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* & Cognitive Impaimmeant

B8 Disiributions of NL/CH estimated by classifier NByy ¢t

3
@ Alzheimer's Disaase
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EF b1 menn
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B9 mMstributions of MCIAD estimated by classifier NByyery an.
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LIZHBETEL LWL DORLAEDLI I IZH VT
Wirdo, BEOHLIOILLNVENDETEFE
LETHhAH RITEZEETEHITLIY, £
 DEERERERPBMEREES. #0ELHN,
TAETOIREERLR VAL PR EBREEZED
T, HEIT o TRERPEMIFENICELZ &8
T&S., 72721, FARHERVWE XIZEZWR Y,
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HHE R oTWS3®, AD ORERIRETH 58
EERMIEE (mild cognitive impairment ; MCI) T

— 214 —



() 60

FEH (T8%)

BISESE (46%) =

ERRAEAR

ctEped

-82%115 4

---------- »

—- 7.0+ 10.0 4

25 o5k (26%/4'“'"‘

———————————— Ll T 4

~50%119 4

6 =85 &

Th L SHAEETEICME (35%) %=

HEHRE W

-----------------

TIERARRE (pmdmma] DLB)

= F 2 AEEIR (869 ) e

FRERENOFERIEIBY 2 HAHEE L,

AL R R

0.2 x 32$

B (17%) wiméﬁ
3£32 &

15 = g?ﬁ’

I8 (87%) =
15227 $

early ]JLB probable DLB
IR R A IR X e L AR A R

Wﬁﬁk&@?ﬁ%%@é%%*ﬁﬁl‘i}“ﬁ? {prodromal DLB), SZHRGER

EHMBLL, L%Wi*#i%k I LML - = Yy VRSB 4 £ TR eardy DLD LEHE

L
IXH

(3. SRR L BEEREET RSHL Lo Ty
A3 DLBILBWTIHWwERFoicEHeh i
STy 7,

5. L E—/JVEEIFEAEDRKER

PD T 2 BIEERT - R AOBENS
h~f///ﬁ%mﬁh%ﬁféﬁﬁﬁﬁﬁmw
BLOATEZ 0, W9 DR, BERE, ERLY
OBHEMEER RBDAEFEBIALTY
B SEAEOJEEFE TR, JEEEHERD
PR DI A R L 20F U ERTTLIE
AHE SN, RESRHICREIEFHLAA
ZoTwh™ —7F, DLEBOEBSGE - Rin
AZHIT s HMBEREAELVONFERTS
%% Zhid, DLB X PDD ORI FHHIEICS
NTwAnwZ &0, DLB I BMBEEE IR
LC. RBD, #924EK, BEMFEIRE Eok
M HBERYRETLIENE L, DLBOWE
ERFERTLIEVER TRV OTHE.
%8 513, probable DLB @ 5 35 Wi 25 8 % 5

1300

probable DLB OESESERAME £ L A T8 EFICS T 2BABRBOBHROEH

723 78 DLB M (EEROTIHEER 793,
Mini-Mental State Examination (MMSE; @ ¥
BE174) BWT, AR EERERD M
BRI WOl R 7 - 727, IEESHBR
M OCEHERTSAR) CHRBELT, BERICE
T AFIEROBE L BRRETOTFHHMNER 1S
RL7z RER T TOZBEREROLEOEGIE
5% (78%), RBD (64%). WUREFEE (46%).

B o &/ EIEMEEMIE (35%), #1528k
(26%), e (17%) %R, ko 92% DiEH
ﬁ%ﬁﬁg&ﬁ%ﬁuw*ﬂﬁmfﬁ*itfm

. BEDAEREESEBINIET LR,
E (-82 = 115 %), RBD (-36 + 85 %), W&
R (70 1004F), #99 2R (50 =
119 ‘ff:) THY, Savica b POHEFIII—HL T
04D ERTTAEMLEFTA TV, Ll
PD BEIIBIT AR E R HRMICEEL
Gaenslen 5 2 OETIE, ETHEFTY 15~
0FICKT, LDRUETH-72. 53 PD

-
A

— 215 —



EHRRESME S228E 11T 201111

#2 LE—/MEREBRAEOREREERE

TRy oA v —H

NIA low
(NPT Braak 0-1)

FagpEl

BH GUE

-

RN

NIA @ NIA-RI B8, high © high-likelihood, intermediate | intermediate

low 3 low-likelithood

NIA intermediate NIA high
[NFT Braak M-IV} | INFT Braak V-VI)

elihood,

{McKeith 1G, Dickson DW, Lowe J, Emre M, et al; Consortium on DLB : Diagnosis and management
of dementia with Lewy bodies ; Third report of the DLB Consortium. Newrology, 65 : 1863-1872,

2005 % b & (ZIEHE)

OYHBHEEDSSWBE L, »o, HEROSSE
DERPESMEILBWBEETHD, BEESOH
RLHERET A LR TH LY, HBikT 5
PD/DLB O R LB EREZ L T2
TEMEAGEN Stz T 66 (8%) 2B WT
EHEE L VRS ET LT b o0, REE
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