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B2 IG 45 1 )1 06 T MCI B2 Wi b o, 38 2 4
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A 316 44 32X F  H UUHLIE B 41 A0 MCT A 45
158 ], 24— MR BER LA 22 S R ge 27 L (P>
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F1 24— MERLB(M(P,, P, ]
Table 1 Comparison of general data between two groups [M(P,,,P,.) ]

aw %ﬁ””/ ()] - /s BB/ MoCANAJ  GDSHANA
NHIIE# 4 158 74(46.84) 84(53.16) 66(61,71) 11(9,13) 26(23,27) 2(1,3)
MCI41 158 74(46.84)  84(53.16)  66(63,70) 9(8,12) 21(19.23) 2(1,4)
2 F & FCH RN PR B 2R, 55 T 8 N4

2.1 fhOPRER AR i
2.1.1 JAHITHEETESS  MoCA 24 H T MCI &

Sy 3, 36 30 A BT, BRI ] 2 IE A A5 14, (8]
BRI A RIE B AR, A AT R A5 7
AHINAT B B3, W6 00 30 73, 7 BoB e R %
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% FH SPSS Modeler 18.0 4g 4% 14 , ¥4 0 & )5 1Y
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AR i, S A ML RS 2 ) Bk, 43 i A A A AR | %
PR A MCL,
241 HlEsFI B O SZEEmEHL (support
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vector machine, SVM)"?* | 2 B30 i T #2500 A9 e
JREV TS B 4328 HoAZ U 7 VA T A0 E A%
PRIERC , R e R e A IS 1 2 RS ) A R AR /MR
A ARL A = 2 G [l A 2l L, Q) PR
4 €5.0(decision tree C 5.0,DT C€5.0)"2, PAFE 47
B e 3 FAR T BB, )0 I B — 3532
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PERFAE , IF X0 YN R8s A7 o0 H S il ar 2 . Horp
DTC5.0 5812 3 H T K 2 i lm) st , HL5E 25 5y B fige Al
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A M B R B EE B E ., @ B
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PR A, EAA DU g 15 (B kit BE T A
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TSR P ABETRY |N T 2 ) 5% A5 5 00 i T AR A
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SVM AT TT AR o
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B A0 355 WE B >R (accuracy) |\ 3238 & T AE HFF1E il 28
(receiver operator characteristic curve , ROC) FIHH & T
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2433 FESFE XPREBIMEAR, R B
TP TE A I B A L) I (R sy, S B A
TR AR, S 1 TE A HE R BH 5 {51 ) e

N
PCTIN T FP

2434 ROCHIZE FmEA  NFRAUC, LA TEM
BRI R 1 S B AR bR, FLUEYE o 0~1, (ELEK
1o AN AR AR R
2.5 HilEiiik

K SPSS 26.0 AT B S it /3 Hr o a8 1 R}

sen

PFE IEBI A 2R () Foom , RFAIES 1A
KA E (VA3 i O ML P,s, Pos ]380 s A TR) FL A
A A B L IR HL O 2255, SR W ST A ¢
Ko 56, 5 AN 85 2 DU >R FH 9 AE AX JE 2 80 Mann—Whit-
eney UKZHr . X432 00kE (0 FAEL LA 7R sl
B (n, %) AT s PR IB] LU, TOFP 7 2k R
FHF 5 6 56 5% Fisher K 8 A8 R A5 % . R H] Delong
Ko 3 LB AR Y AUC, L P<<0.05 M S A 581t

3 & R

3.1 MCIABEH&%F4E

MCT 42T (0 05 Bl (O B\ BE 8 (0 5508 | B | IfiL ik
218, I KA il 43 A 0 R T IAUANE # 41 (P<<0.05)
TR 0 BEATCR A T IA S0 IE # 41 (P<<0.05) . 2 4[]
“H & RHIE AR 25 5 ST L(P>0.05) .
W22,

Fz2 MCISI\MIEE ANBBRIFMELLE: (n,%)

Table 2 Comparison of eyes collateral channels characteristic between MCI and normal cognition groups (n,%)

Eigll {12 S AN Y FEE  RREE R asiR i MBKELE il

WHIERH 158 6(3.80)  35(22.15)  11(6.96) 13(8.23) 59(37.34)  71(44.94)  58(36.71)

MCI41 158 15(9.49)  21(13.29)  23(14.56)  26(16.46)  81(51.27)  92(58.23)  76(48.10)
! 4.320 4.254 4.746 4.943 6.207 5.588 4.198
PAi 0.042 0.039 0.029 0.026 0.013 0.018 0.040

3.2 MCIABRPBRUES o A

MCIZH 0 g R 2 AR E w4,
By 51 M 83.2.90.0.182.6(P<<0.05) . MCIZH ¥ .
ST AN 118 N I~ BN 2 I I = - /S22 0 S = R NS
IEHH(P<0.05), W3, MCIZHABHHE i <
BT RBB R T N ANE E 41 (P<0.05) .
UL 4, XT 158 5] MCI 8 35 i B2 UE Z FRRAE 40 A iE A 7
Gt G & B, R 0 E 2 DL B R i £
(98.1%) , Hok N (96.8%) 11 H (82.3%) , -4 N

J)§(65.8%) 0> (55.7%) 4245 (53.2%) JAH(31.6%) .
L(30.4%)  H (27.8%) i (25.3%) o Hidfres B
[ UE 25 4 (X B TN IE 41 (P<<0.05) i PEIE &R
HpOGF S PR IR 2 A PR UE R B9 40T A B, HR B R
L) SR 2 MR (94.3% ) FIE (94.3% ) , %k 73 At
R Z 2 MR (88.6% ) R (84.8% ) 5 HH B Al i %
(19 R PEIE 25 A BH 2 (97.5% ) ALK (94.9% ) , Lk &
S HE(90.5%) FBHE (76.6%)

£3 MCISIAMIEE ABIHIERR LB (M(P,, P, ]

Table 3 Comparison of real syndrome elements between MCI and normal cognition groups [M(P,.,P,.) ]

4 5l % % s 5% i
WHIER 4 158 140.40(103.50,172.50)  140.50(94.75,191.75)  119.90(0.00,170.55)  102.70(0.00,148.25)

MCIZH 158 174.40(127.55,204.00)  171.50(124.00,231.00)  143.50(103.00,181.40) 136.60(89.65,183.25)
Z1H 4.421 3.631 2.896 4.262

P 0.000 0.000 0.004 0.000

4 ) (ZES F FRJT & aM

INFIIER A 158 77.00(0.00,126.75) 71.00(0.00,98.25) 0.00(0.00,0.00) 0.00(0.00,0.00)

MCI 24 158 117.00(0.00,146.50) 89.20(0.00,128.95) 0.00(0.00,17.75) 0.00(0.00,0.00)
Z1H 3.549 3.893 3.419 2.362
Py 0.000 0.000 0.001 0.018
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*F4 MCISAMEREABEMHIEERSLERIM(P,,P,)]

Table 4 Comparison of deficiency syndrome elements between MCI and normal cognition groups [M(P,;,P,;) ]

41 51 {14 [z LM

Ul s i

WHNIEH 4] 158 171.50(121.00,221.20) 163.50(115.50,211.50)

MCIZH 158 204.90(163.55,250.75) 180.50(135.30,228.28)
Z1H 4.280 2.115
PAi 0.000 0.034

133.00(91.75,169.85) 0.00(0.00,94.03) 0.00(0.00,0.00)

148.00(106.00,203.85)  71.00(0.00,110.00)  0.00(0.00,0.00)
2.619 2.044 2.403
0.009 0.041 0.016

3.3 MCIHHRBORGE Iy 85 R

ARWFFEH MCI I H &R AE A it 222 5
B L PP B IR A R AT 0 BB A is LA 24 2
AR B A MCTHE SR
330 LFRMEAUEE TR, BRLS
R ¢ TN AR e B A v R R L
B WO I R O T B
B -
332 R CS.0HE BT ARBIE MR IEE
BRSSO - T A e M HE AR R
M B v 05518 [ R L ZE i fkad il Bk (Bt .

333 AN THEMEE L FET AT R4 W 485
A S5 L R < TN AR e T R T R R
A B A TE 8, OO AT ke @ FH T V.
I T il B R . L BTk R A R YRR E R
R

334 FMEPLARME R ST REVURAR R BARLS,
H R - TN AR e B AR AR O R BH R Il
P8, HOR R 4% PR 6 RS 5 | I | I kG il
P LK o A ST RRR A R I R R 2RO R
PHHE o 4555 0 ) 2 4 0565 I 4 10 v 1 o AUk
FE VRS AUC (3232 B B AR R h 4 R 1 B .

BRI TR EE A 6, ILA 16 4~ 15, 8 AL, 5B DLFESFIE 1, (H4FhEIRIE] AUC (H 22 55 o402

X MCHZ Wi 8 Zk it 2k, b STHOR BRI R IE 8 L(P>0.05),
x5 AENBFFEIEEFHMCIIHAERITA LR
Table 5 Comparison of different MCI recognition machine learning algorithms
e ‘ YIZEE80% ‘ FELE 20%
e/ U E Fi 58 AUC e/ U IR AUC
SVM 73.53 0.732 0.677 0.796 73.08 0.677 0.765 0.807
DT C5.0 71.85 0.857 0.642 0.777 67.95 0.625 0.704 0.687
ANN 67.23 0.702 0.359 0.698 56.41 0.463 0.676 0.641
RF 94.54 0.967 0.922 0.986 57.69 0.474 0.675 0.689
1 = $S-MCI
T Szl

/

|
A
Al
) J‘

[

/

Y

TP Rate(Sensitivity )

0.2 0A 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Partition FP Rate( 1-Specificity)
MCI=*“1" Testing

{E : $S-MCI45 SVM i1 £k ; $C-MCI 455 DT C5.0 BB il 2k s SN-MCI 45 ANN B i 2 s SR-MCI 45 RT AU 2L
Note: $S—MCI means SVM model curve; $C—MCI means DT C5.0 model curve; $N-MCI means ANN model curve;
$R-MCI means RF model curve.
1 AENMSFZIEEEBANGE (X)) NEIESE(H) R ROC fhZk

Figure 1 ROC curves of different machine learning model in the training set (left) and testing set (right)

FP Rate( 1-Specificity )
Training
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Eye Collateral Channel Characteristic Analysis and Identification Model Construction of
Mild Cognitive Impairment
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ABSTRACT Objective To investigate the eye collateral channel characteristics of mild cognitive impairment (MCI) popula-
tion, and to build an MCI identification model based on machine learning algorithms to provide an objective basis for early recogni-
tion of MCI. Methods A total of 316 subjects from 5 communities in Fuzhou City, Fujian Province and the Health Management
Center of the Second People’s Hospital Affiliated to Fujian University of Traditional Chinese Medicine were recruited from April to
December 2022. Eligible subjects were matched on a 1:1 propensity score according to sex, age, and years of education and were di-
vided into MCI group and normal cognition group, with 158 cases in each group. Using the general demographic data sheet, neuro-
psychological test scale, syndrome identification system of TCM and Boao visual diagnosis instrument, basic information, cognitive
test results, and information on eye collateral channel characteristics and TCM symptom elements of the subjects were collected.
Two independent non-parametric test and chi-square test were used to analyze the differences between the MCI group and the nor-
mal cognition group in terms of eye collateral channel characteristics and TCM symptom elements. Frequency analysis and principal
component analysis were used to explore the distribution characteristics of TCM symptom elements in MCI patients. The study data
of 316 cases were then randomly divided into 80% training set and 20% validation set. Different MCI identification models were
constructed using support vector machine, decision tree, artificial neural network and random forest algorithm, with MCI eye collat-
eral channel characteristics and TCM syndrome elements as independent variables and onset of MCI as a dependent variable. By
comparing the model performance, the optimal model was selected to achieve early clinical recognition. Results The important
eye collateral channel characteristics of the MCI group were red dots, dull brown spots, dull yellow fog diffusion, mounds, red blood
veins, and tortuous blood veins (P<0.05), their distribution frequency was higher than that of the normal cognition group (P<0.05),
but the distribution frequency of dull pink spots was lower than that of the normal cognition group (P<0.05). The heart, spleen, and
liver scores of the MCI group were higher than those of the normal cognition group (P<0.05). Comparison of TCM substantive syn-
drome element scores between two groups, the scores of phlegm, dampness, blood stasis, Qi stagnation, heat, yang hyperactivity,
heatstroke, and food accumulation in the MCI group were all higher than those in the normal cognition group (P<0.05). Comparison
of TCM deficiency syndrome element scores between two groups, the scores of yin deficiency, blood deficiency, Qi deficiency, fluid
deficiency, and Qi depression in the MCI group were all higher than those in the normal cognition group (P<0.05). The common
pathological evidence elements in the MCI group were liver, kidney, muscles and bones, spleen, heart, and meridians, and the syn-
drome element scores of the heart, liver, and spleen were higher than those in the normal cognition group (£<0.05). Common disease
location syndrome elements in the MCI group are liver, kidney, muscles and bones, spleen, heart, and meridians. Common real syn-
drome elements are phlegm, dampness, blood stasis, and Qi stagnation. Common deficiency syndrome elements are yin deficiency,
blood deficiency, Qi deficiency, and yang deficiency. Based on the MCI identification model of eye collateral channel characteristics
and TCM syndrome elements, the support vector machine model was selected as the optimal discriminant model, with an accuracy
of 73.08%, a sensitivity of 0.677, a specificity of 0.765, and an AUC of 0.777. The overall performance was relatively good. Conclu-
sion Compared with normal cognitive subjects, MCI patients have unique eye collateral channel characteristics. The MCI identifi-
cation model constructed based on the eye collateral channel characteristics and TCM syndrome elements, combined with the sup-
port vector machine algorithm, has good feasibility and accuracy, which can provide a basis for the objective recognition of MCI.
KEY WORDS mild cognitive impairment; eyes collateral channels; machine learning; support vector machine
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