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Abstract

At present, most of classifications of mild cognitive impairment are based on the local correlation
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of a single brain region in the whole brain network, which ignores the information of interaction
between multiple brain regions. Moreover, most of the current researches are based on the un-
weighted brain network, losing the intensity of interaction between brain regions. In order to
better capture the key topology information that can distinguish brain networks, this paper pro-
poses a key subnet selection algorithm. Firstly, the shortest path in weighted brain network is
calculated, and features with significant difference are selected according to the difference of the
number of the shortest path in positive and negative samples. Then, the key subnets are con-
structed according to the nodes on the selected shortest paths, and finally graph kernel is used to
classify subnet datasets. By comparing the weighted brain network, the unweighted brain network
that implement the proposed algorithm and the whole brain network, the effectiveness of this
method in the classification of mild cognitive impairment is verified.
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1. 53|

BN BEAS (Mild cognitive impairment, MCI) & IF & 32 5 A6 B IR 7k BR 7 (Alzheimer’s disease,
AD)[— AN alE R, B EE 15%0) MCI 38 8540y AD [1] [2] [3]. A 56T 0 X 25 1) 43 2805 5%
F2 B DA BRME A5 B AU 90 266 1 B 10 B A i DX 1 F FNRRAE SRR AN o ) 45 1 28 . B R SRR 2
RRAE, HFEG DU A T RIE S — 2 TORUIG N 4% 58 5 A 5 i, Bl X [ AR B A FH s g 2
ANACER O R 1 KA RO, BRI 20T 1 R XD O R IR RS, T AR TR R 2% R TR R RS B &
Sy BN X PRRAE B P 2 (R . R T R B R AR R R b, I B R 2
KRB RE—FUNEFNGS, B CEER EERET MREE[A], BT LAV SN G X T s 1 SRR R A
FHERS KSR Em M, MRS, BAM TS, HULF 728 5 5 804w W 4% 25
s B E R FB0E 50 FIF EAZ SR MCI fB 35 A0 IE 5N 10 42 = i 0 4 330 A7 M AU 0 #T [5] [6], Pl
AIRIRGEIR 5| R I X ()R NG A AR Ak, (B AR M 48 0 & H V2 TUR SR, RIMETE RE LS,
ATHAS Fit T VA At 221 o X 4% 97 4535 2 () S B 5 44

DR ORI R, ARSCHR T — TR R AR I DR T IR R . 1 VA AR A P 4%
Z b, FETEBME A B, OREE TN X T SO AR, HE— D R IE 5 R AR v g A R
(IR H 72 S R T A KR AIE , R 5 AR 16 3 th 110 o B AR b RO DX T R R S 1 I, o 4 A1 T oK) 28 TS 6
HARETW, ZERRE T RS MITRER:, RE T IIX [AAHEAER KRGS 1Mt
PEOT VRGBT 5 51 L P i D% 285 1) S A, 38 R A R AT AR A S, RT B A Sk S 0

(R EE
2. EXEAR
2.1. R/RifbiE & BB (Pearson Correlation Coefficient)
B ORAAR R R B T R B BEHLAR (8] (2 PEAHOCHR . Hat AU R
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2.2. BEKE

SR FH SR P 5T 900 S (¥ Diijkstra S92 H S0 I 265 o F) B i B AR [ 7] [8]. LR ER G T

P — AN dis R PR AT 5 o 380 At 35 T 1 g R BE 8 DA R — AN TSR & Q SR ARAF Lk B i e
RARHITI . WIUART, TR s B K FERAE v 0, B dis[s] = 0. XF T s, HERFAALEL(S v), W
¥ dis[V] B B (s, v) FIIRUE, FREIR A s ANRE BB RIA A BT TS AR K BN TE 95 K. WG
B, B4 QRN s SRIa, WA dis g Rem/ NME, WHRZAE R IR s I T2 A8 X TR A5 1) fe
PRAEIICE, FRRINZ s B4R A Q o B FIWTHTIN N BT s 2 75 R 6% ik FAR TR AT LR A5 s 3@ %08
TN R TO0 557 38 HoAth A5 F) 5 BR AR 15 LU A B i . 5, U i S T /e 5L dlis R, FEAEL
4 dis AR IR K E R R/AME, EE LARDIE, H 20 A T 56 .

2.3. B#%

BIRZAE Ry —F s i BB S5 A0 AE B R 3, BEORER 1 i S A% s B o5, SCRE S 1A I L 1 a0
T e 4 A 7R AR R 25 [ R PR S R A5 JEL[9] o o ) 288 4 Sy — Sl 0 DX 4 s R 7 1A LB, T ) PRl Aok
XF MCIH B3 F0OE & N B W 2% 25 1) JEAT ARV PE T i, AT R 4T X 23 B A E B A B 2
Weisfeiler-Lehman T# 4%, FHJIRELAIT

AN, B R TSR A BORR AR, DU DA TR R FEAE i TR IR a4 28, SR HE Ja 48
MR ORI R, AR AT — URARS FAR 2 FIAE A1 TH A AR 28 SR B8 B B AN TR S bR, B AR AT T
MR HE 7 S HRAT M FR A TV AT AR S, X Le ™ 78 J5 bR 28 R 48 ORI . SE A8 IOAR 2, E3IH
AN T R 25 S AN [ B iR AR HOE B TE LB K ME b, Zak RO . =& h s #al
TRIFR 2SR AR R, TG i 4 W A A2 75 (R4 [10] [11] .

3. XBTFMIEFEENEN
3.1 KEFMIEFEHEEENT

T AR 23 90 AN RN DX I 26 AN/NIK XA, 2P s, f I X A e, PR, e dE
MCI 85 A0 I N0 98 45 P 22 S5 2 5 25 (10 00 DX A S S IR, ) P P 58 O B 1 9 1 45 4 2 T
(RIFEBLRE PT A5 R R MCIL IR IS T R HERA 56 o 00 D90 4% o 3 AR AL S Pl 1 i DX 2 TR AR R A B, AN
T SRR SR B AR U B T 22 AN X TR ) AR S R o IR W N2 AR I X P A, AT 1Y
IREAESS . MCI B R HR 2 i IX 32T A2, 01X 2 1) A LA R R R AR TR, (28 33 MCIL B TN
W4 1) 40 P S5 R AN R T I N R 28, KL, MICT 28 38 i X 6 (10 i B 126 4 I 2 1 DX 5l - F TR N
JI AR LA P S R 6450 4 22 57 R S BRI AR M X AR B 9, AT A P SR N A SR B R, I it — 2D AT
F o

3.2. KB FMIEFEHEEMR

MCI S ik P 2 b i g A BT R SR B S IR ML AW B2 R, B, fAER—Ramie
FETA IEFEA T LI I 2 T 8 > TAE T A R T B IRE, D xR — feJ R AR 1
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4.1. BiEE

BT ADNI Eidls ZESRAX 1 114 i 5 25T BE ML AR R Bt SR UG IE VA A Rk, b (04 68
il MCI 23 A1 46 4] IE 5 x4 1 2H (Normal Control, NC). ¥R CAIHEST 24, S5 E N field
strength = 3.0 T; slice thickness = 3.3 mm; echo time (TE) = 30 ms; repetition time (TR) = 3000.0 ms; 48 slices.
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Table 1. Sample information details

=1 HAREREFR

eS| NH(N) FEAH(H %) 4% (mean + SD)
MCI 68 34/34 75.7+53
NC 46 21/25 75.9+4.1

4.2. BEMILEROMEEE

S8 56 A SPM8 (Statistical Parametric Mapping Software Package 8)% 3k B 5] () i 5218 47— £ 41
A A B 8 DA {68 P AL A CE [R) — 260 R BEAT BB [12] [13], #RJ5FIH IBASPM (Individual Brain
Atlases SPM) ] AAL (Anatomical Automatic Labeling) B sk %1 43 i X [14] [15], K KMkl 70N 116 AN
PHBIGIX (90 AN RN DX 45K, 26 AS/N i X3, AN X AR — AT s, MR X i 4 % ¥ BOLD (The
Blood Oxygenation Level Dependent){& 515735} 8] 52 51, 28 J5 v 58 s 1o X 18] B [ /5 41) 22 8] 1) Pearson
FHOR Z %L, Pearson AHIC R E /MU T8 SRS TG IX R ThREOC R B RES , E SO N 262 E IR
o %, FMERBPERIRE T —A 116 x 116 K/ HIALI R 2% o
o 9 265 LE AN [R] PRI AR B 2R A AN RN 23 808, IR, SEERBEE 1 — AN BB BB ok R B A 43 3 1) S5 4
B R 4%, BARRHE LR 10 AMERIME: [0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5]. 45 % — MM
ZEFERE G AIBIE T, R A =X (7) 2k B8 A i o9 2%
G,:{Q__ g(i,j)<T @
g(i ), Hit
XFFIOAUR N 28, 2530 B RIRUE /N T30 BE, TIMMBR s A& BUE R T 80E BE, WER R %l H
BB AL o ARG ) 2 5 2850 5B~ 208 3 500025 I 49 BAS 5] U T AL 7 W9 2%, B A4 i FR D 1 D 2%
0T 2 RT LS 7 5 D o O 8% w01 A AN . SIZBR ) ) Weisfeiler-Lehman TR AZAE A% 5 o o0 BT A% R
BORIEAT R, SRR SCRE I EHLEAT 2 N ZR A

4.3. KWERS S

431 FEPRIFELD

ARSCIE I 5 BAR 7 VR % R AIE B DG 88T 9 38 R SR 1A kbt RIS AP 0 U A JE 93 A8 fid X 3 4%
IR . D5k W ARSCIOCHE T IR 5%, B8R Weisfeiler-Lehman 7 A% i 4 fisi 1 £ 54T AH AL
PRI A R R i ik e il BE A R T VAR AN R I S T BUR 4%, BRI I 1 AL
BT RERE, WMERZD: HBUERTRERE, WA Za S ERENA 1, REF AT
P e SRR R N R BB R P TERL T 4, SR AT SEae b, 46 2 B T RIR D5k AR SCEE S H
FAR BUE 132 B 4 2R

Table 2. Comparison of classification effects of different brain networks
= 2. TR 7 2EBERITEE

Tk FEAH(NCIMCI) )L HER = Bk R
A I PR 4% T T I s 45 46/68 0.25 64.1% 61.0% 71.0%
TEATU; 9 45 5 I 14 4% 46/68 0.15 66.4% 70.0% 67.1%
TS R 25 T WY i 4% 46/68 0.25 76.2% 75.0% 74.2%

DOI: 10.12677/csa.2020.109165 1575 MR 5 R


https://doi.org/10.12677/csa.2020.109165

JEIGRK

XFEE 73 SREE AR, AEINRUIN R 28 Bkt F, S BEAL R 5 AR R TR IES:, RIa AR A
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BT IR SA M T R 5 P B N BN (R AR (4 R 4 (R VAR L, 20 SRRCRAT — s 3R
HIR F A FFAN L o A AT A HINAL T 0 2% 5 ToAL T I 25 1 70 SRR EL, 0 RHEmf R4 1
9.8%, 7R WIUAEL {5 JE X 10 I 4 F B RS A2 RO H SR BRSNS 1 A2 X i . 1 1 om 1
$2 HH ) SR T IO e B VAR AN IR] AL R AL G 1) 5% RN T ARG D 5B i 2SR OR, BA RN HEAT T P i £,
FLHCR B B BME T B2 2% By RR0R . 1 2 BoR 1 il = RS i 94 2% 4852 AR IE

JEAREI P ROC #%:.
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Figure 1. Classification effects of different brain networks under
different thresholds
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Figure 2. Average ROC curve of different brain networks

& 2. NEIRRMLZEEE ROC fhigk

P 1 RBTARBURR I 25 T 10 5% B 1 I8 I P ) 23 SR B R A T [R5 SR 2% A T R e AL kA
25 L) R A I A 245 LR I BRI vk, HAEBIME D 0.25 B (R IBUIR 45 T, SR SIE 5 1) 2 RO B
&f. BRE 0.05 I, AU P2 T 0 RACRAR T EBURM %, T2k T 2ROk, H=4H
ZE HERA AL 2% A9VEH A o FEBE/NT 0.4 FITERE A, ToASU 190 2% T A4 B ) S B 1 M ) 70 B RCR 1B 3
T ML #E 0.4~0.5 FIBRME VLRI N, I I 70 SFRUERA SR A Z2 A K. L f SRR W1 i I 2% w14 o i

DOI: 10.12677/csa.2020.109165

1576

RGXIRE =SS


https://doi.org/10.12677/csa.2020.109165

JABR K

S 1 O X Z IR ELAE R 2R, SEBIRRE IR, 0 G X3 42 5 2 e A XA B3 i 94 2% £ J= 4
PGS HH I, T P 0 R T B R AR 1) S 1 0 R B RE BLHE W b B 2 MCI RS MLIE
(PN i ES R SN TR S Sl I b N4 R g e il R P T R e R PSR S € P | G R e P
BT 2% 73 FBCR AN FLAR BIBUEAS AL BORFERE ER2m 1 AR I X (12635 o

4.3.2. Weisfeiler-Lehman Fit#i& % izt

Weisfeiler-Lehman #1215 AR CEAE — B R b s it 1 193 A0t 3R 38 i I 285 (0 4 D 435 W R TR A7 AR 5%
MBI ZESR . RIS RREG S, WK MCI B MIE W N 52 R A &, FE
B2 UCIBARA ek 1 2 X T [R5 B/ Rk AR VR 5 T R A gtk i ) 8% 1) 225 4 22 S B I I
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Figure 3. The number of iterations of different brain networks under different thresholds
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Table 3. Statistics of iteration times of different brain networks
% 3. TEIMMEHIER R B ST
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