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Construction and Validation of Integrated Traditional Chinese and Western Medicine Risk
Prediction Model for Carotid Artery Plaques in 3 009 Individuals with High-risk of Stroke
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[Abstract] Objective;: To construct a risk prediction model for carotid artery plaques in high-risk populations of stroke
based on five machine learning methods. Methods: The clinical information of the high-risk population of stroke was collected.
Factor analysis and statistical analysis of syndrome elements were conducted on their traditional Chinese medicine (TCM)
symptoms and tongue and pulse manifestations. On the basis of the results of factor analysis and variable screening, five machine
learning methods-classification and regression tree (CART) decision tree, support vector machine (SVM) , back propagation(BP)
neural network, logistic regression, and random forest-were used to construct the risk prediction model for carotid artery plaques.
Results: The most common TCM syndrome elements in the high-risk population of stroke was Qi deficiency. The scores of Qi
deficiency, Yin deficiency, and Yang deficiency in the population with carotid artery plaques were higher than those without carotid

artery plaques (P<0.05). The CART decision tree, SVM, logistic regression, BP neural network, and random forest models
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showed the areas under the receiver operating characteristic (ROC) curves of 0.71, 0.75, 0.76, 0.76, and 0.75, the accuracy rates
of 68.94%, 69.27%, 69.44%, 70.10%, and 69.60%, the precision rates of 68.56%, 68.53%, 68.75%, 69.74%, and 69.42%, the
recall rates of 68.91%, 67.93%, 67.92%, 68.10%, and 67.31%, and the F, values of 0.69, 0.68, 0.68, 0.68, and 0.68,
respectively. Conclusion: Among the high-risk population of stroke, the most frequently distributed TCM syndrome element is Qi
deficiency, with the rest mainly being fire heat, Yin deficiency, Yang deficiency, phlegm dampness, blood stasis, and Qi
stagnation. Deficiency syndrome may be a major factor leading to carotid artery plaques in the high-risk population of stroke. The
BP neural network model demonstrates better performance in predicting the risk of carotid artery plaques in the high-risk population
of stroke. People with carotid artery plaques are more likely to present with symptoms such as a heavy head, dizziness, headache,

and thready pulse. The primary community benefits more widely when the BP neural network model is adopted to predict the risk of

carotid artery plaques in the high-risk population of stroke over 40 years old.

[Keywords] carotid artery plaque; prediction model; traditional Chinese medicine syndrome element; stroke

XU 2 LLFESR A A AN T IRSE R R TR AN
AR G E AT 23 P28 2% 5 R RN o R XU AR B f
BRE, MRS, F RIS SN i B e, 0
B UCIER B0 3K, B 2, I AL 16, oK &ne, A BE
SRS, B SR L KU VG S 44 O A 4
T3 S B AL A A v R PR A TR A S SRR O AT M
28 Iy RE SR ABUAE R A I 10 R 1R 2 R B AR A T/ ZH
RAGETE,2021 FAE PR AR BRI P =
WA T 58 F2 BEAEIN Hh HE 4 5 — o WA rp 2 80 S B0k [
R P T i BRI, e e A | Bk U | i 3T
R S AR B o ) UL 28 U BB 3 R A A B A
R

B Ik e e 1 PR Al 22 T8 WY A E R 33 S i PR30
WU B2 Jok B Al 1 BELAT o R PR SR A o AL IE 1
RBH, 55 vh KU B LIS AL, 38 i 25 b KU s S AT A
B TiE i B AR A 00 ) AR 8 Mk R e ) IR, S A
1 TS Sl Ik SR ) A e FR AL 2

90y Jk BRE B S 90 8 I ok AR A AN W R R R A AR BB
PR i 25 TS5 I A A 2 EL 50 0 DR I A, 75 1 A A o A AT 2
TTUN 22 /NS 235 5 Ik R Dle- S50 3 i ope 7 ™ o 22 IV
B F1 2 i AR R 2 K A K U AR BE S . 22 IR
FER I, B KB B 5 A v i R A DIAR O A g
TR, S K B B 2 R A e e g XU A 35 8h Bk
Y 58 5 5y % A v AR AR TR Ik R R B KU
i N HE S S Ik BEIF o H AT TR AL N . BT
TR 9 K 22 56 1 350 3 Jok B B 7 oo JXL RS o f T 0, A A 2
BORF 5 B 0T 2508 Dk BE B A F0 1 EL 00 B A 28 AT S A
LR R N S R L =BV S 7 X o W N O S Ty
HH P B A B A SR KU R A AR T 2l fk SRE R XU o A R
IR ST ST 50 5y ik B HR ) 17 58 H 2 Dk A v X 14 A A

F i 2 Wi 290 5y Jok B e 14 755X 32 BEAT 2003l Joko A A A KK
TS M AT E R CT AT AR, XL & 2R
S A B PR 5 A B B A A b IR o) i 3 b DX B gl BE S
S A9 i 2 v s FE N RE B S Dk A A o AL SR AT
REMY — A E S BAE R A T — 2 kR F, o
B 7R A5 IR T AT MR A A AR R T 2
P DR A S A 2 v s AT 250 0 K SR Bl XU T A AL g
{8 555 v 7Y B RO S8 0 R T SRR By I 34, Rt B85

S KBEH 25T T 100, DT B AR 2 v 2 1Y RS
1 #H#
L1 SRR AW B R IR 2k F b 5t h R 2 R ARy
BEBE A 20124F 5 A 2 2024 4F 7 A fi £ 19 40 % L)L 1 2 b i
FENTE LA 3 191 BIRFFE X 42 . 2 M i ik ) A5 & A
T o B L 58 4 1 G A% 05 61 o 3009 i), JH: b 4 351 ) kO
AR 1E S A7 A 30 8 ik SR B 04 995 91 B 1 728 481 AT [l P
GINT o AT S 28 bt v R 25 KA IR R R O I B AT A
i, it 5 IDF-IRB-2025030402. BT 4 H % 1 25 B 05 [7)
=
1.2 A v i fE AT AN A B 1
12,1 W2 fo AHEVE SO A bR 2 P i fa A HERY
il A ol B IR B A v M A R i & 1 (TTA)
Vel A1 N Y O N I 1N O Ol o P I DR L
140 mmHg (1 mmHg~0.133 kPa) Fl/sf & 5k /& >90 mmHg, =%
L B W15 Q0 iy B 8 50 0 R 995 5 WA ; @ 1 i AR
S R KSR B & B A 12 W7 B PR ; @ Bk 2 BT A
TR R G SR R R 8 MR R B<3 TR, S0 B I e
At 18] <30 min, 3 335 £ B[R] <1 4F 4K 3 2000 4F [ 1A 5 1 i
75 %) ;DM T S BE(BMI>26 kg-m™) ; @4 B A i K 15 s
122 TRV & EARE T EARRE R T IR — &0
] A Hp 2 5 TET A A SR O v XU e A R QDR JT D B
R E B B 1 1 5 A4 o BR A R 23 212 W RS g A1
148 ol 4% J5T ] W7 Ay 1 IO A B0 5 (2 1 i S L+ B Ik R Bk PR
WA Z AT, O R R R E R S R
1.3 HEBRARUE A7 A5 ™ TR M B 15 20N R0 D RE S8, TRk
Wic & 58 U 9T R 5 SRR P2 R R R G | B AE A
AT IR S0 T BT HC A 58 0 R R 2 3 5 PR 9 5
P RBORBIENR, BAAES 2N A E178Re k.
2 Kk
2.1 5 BRI
2.0 HEAFE RN HIE B ARG — BRSO, A
rh A AU A AE B B AR B A RAE 1l | [R] 28 2 i
ST S LV B, LA 25T 20y kR 7 G 0, o R RE IR 5 R
Horr v B R AL BB 0 1 2 S B PR R B TR R 2k
A5 I A L 2 IR 62 0T, vh I T Bk B A G R UL B AR 42
20 IR DL B k42 10391
2.1.2 FAMKGE 308 ko A A el A T UUE Y
-+ 243 -



5532 B4 20 ] HESSEFFFHRE Vol. 32,No. 20
2026410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2026

AT N BUIAT , UL 38l kS B £ 2k W 2 00075 BE 1 BT
2 1Y ETHE B >1.5 mm H) 5E 85030 Bk R TE
2.2 KCHEARER e (R AR HE X R A B >20% A9 A Sk E
ATMBR 5 1 et 96 E R F 22 T4 A0 19 5 35 HEAT 5 UCH AR L 18
BERL R FH AR B AT A o SRR A B L 6 SR Y Ak FER
45 BB 1= ( Winsorization ) o
23 GiitE
231 — &gt grik ffiH SPSS 27.0 B % B 2 AT 4t
ST, SR B T 40 M 09 D7 12 Sk e I R R k0 AT R 4 LA
P<0.05 22 5 A G it 5 Lo
2.3.2 BIRIMg 4
2.3.2.1 AR URigE (2 lasso AT AR R vk . IE M4k
I O 2 BGE 1 A3 R IR E o LR RECR R0
1A% 1 LA B 5T & 5 2508 Ik B Y A % 1) G TR 11 28
B K43 BT ) 45 B0 09 2 45 534 S R i A2 dk, A [ ) 468 75
¥y P 75 0 I A A ek R AT B R A A 1T
2.3.2.2 MERIBEEE N 40255 A (CART) YL SR B 3+
AL (SVM) (S [ 15 4% (BP) 4l £ I 4% 3% 48 [] )9 1 i BL 2k
RS TR A hy A S AR R E AT A A . CART YR W3l o b 19 —
O3y SER T OB, ST 2S5 SVM i 1k 31— AN e 1 Y
SFTHT T 199 2 B R S T 1 D B i A, DA T S R £ 4
1 35 6 53 25 s BP 1 48 0 2% 2 44 FRR 22 I 1) 4% 18 51 I 2k 1)
22 J2 T i 4 I 45 5 38 T 1 3 o 6 D 3 4 o 00K 4k TR S
(0 45 5L e 5 B — M AE R K] (0, 1), TS BIREA R T34
O AR 23 B ML AR bR Sk DA B A I R BCHE B A 0 B AL
IR Z A~ F RN 2k 2 BRUCSRM BN GRbg 1) 2 A~ DS R 1
AR, SR PSR 00 J7 =X A5 0 Bl AL AR A 1) 00 25

BEAE R 5% 22 308 I8 40 1ol A AL e 2k PER AU R A TR TR R e
AT 58 HE AR (CART PRSE R /BE ML AR AR ) (LR PERE Y (32 %
BIH ) 5 AR LR PEAR R (SVM/BP 4 48 [ 4% ) 3 Fli AS 1] 28 70 (14 455 751
HEATF R AR, % A A A1 58 I AR KU AR LG
BRI R NRR R, B TR A T A R SR (WSR2 MR TR ) DR
B v (AR ) o PR AT (B AL AR AR 1Y B 2R 4% .
2.3.2.3 KRR SR AR R BB 04 5 vk N B B R Ay
IR AR X, A Lo 401, IR A TR S 80IE
A BN MR A T AR P R (9 PP o A FH 408 2 2 A
V18 7 0 X B A T A BT
2324 ZSHERE (] Optuna 25 4 5 9738 LI E (19 77 v
SEPLHE S B0 1L, Optuna il i A W b SR RE B S B &,
ROC M2 F m A LAl s 46 47 , 1B 2548 R R4 &, 4>
I 25 200 56
2325 BRI DLl E TR M4 T AL (ROC)
J BTN RS S G HETR SR R G B F A BT
ERE I R PSR M 4R 25 5 IF N BB PE R . o SVM R AR
il L4 T ML 2R, B 1 PLatt 45 KR D 5% ok B HE (E e
I MEZR A, 5 2 ROC il £k Feith 8 F i AL
2.3.2.6 AIRVRRAEER B MR TRAL AR AT SO AR )
TR UEATHE Y o A S U RY R LR PR A | )38 2o A AU AR B
REBOCRIT B ER B A e 0BT S AR LR P BT )l
- 244 -

permutation_importance (1) bR £ AR AR F 054 T 22 U BEHIL 46
3 o UL Y 4 e R B ) IR AR ke AR AR k1 T M
2.3.2.7 BERFH B LL python 3.10.16 1 Jg Il ZREREE (il
FH numpy1.26.4 Fl pandas 2.2.3 17 fiff 4b 3 HCIE 5 6 ) scikit-
learn1.5.1 i (19 2 2 0] 19 (LASSO) , 3% %8 7 % [1] 9 ( Logistic
Regression) JE17 1% % LASSO #5 54 (1) Il 25 ok i i 25 & 5 i
scikit-learn1.5.1 1 (4 P 3K B 4 K &% (Decision Tree
Classifier) | 32 £ [n] i 43 28 #8 (SVC) | Logistic Regression , %
2 B ML 4y 2 #% (MLPClassifier) 1 B HL 2% #k 4 2% 2%
(Random Forest Classifier) #F 17 2k 5 W) 25 455 0 (1) I 25 ; fiF F
optuna 4.1.0 ik 17 #8 2 H {4k ; i F matplotlib 3.10.0 i £ 7]
AL R 221

3R

3. XU e A E S Bl Dk B e BE AT B A A dE it
G340 H XU el A I AR BORE BT DAAS ) rb KU 2 e A B
FP A 2B K BE B HE 5 TG 29030 KB B AR ) AT I
S HUE TR KA IR B Ty T A AE W gt 25 = (P<0.05)
TE R MG 22 e Rt B . Gt ai R W& 1,

3.2 AU A AR A B IR S WK KL A3 AT X 3009 £
SR 0 v B R RN SR IR AT 3 0T, 0 E L IR >90% 1 AE
ARV Ik, X6 0 3 J5 75 21 01 46 A~ BEE R 1346 2R 64
Wk % #E 47 K43 # o

321 YL HB- B UK 4 (KMO) A6 5 il 7 1l 5 ( Bartlett)
HRIEK L Sit45 R B R, KMO KK {H N 0.766(>0.6) , %
W 745 e () A7 75 B0 09 A0 OGP 5 Bartlett BRIE K5 3045 3R
J7{H 931 428.570(P<0.01) , #E — 25 UESC /8 & i) H AT 1 2% Af
KN o LA PIIUREI6 25 3L, Ul B2 8300 3% A et T IR 43 B 7
AT

322 AW T  BEHEERER>1AR T, I8 G A
BRI T 21 A L S~ Rs 20 A R F Rt Jr 2
DUHRZE R 52.576% A I UL 3% 5t 113 R B Jon 4 ek

323 Wit S5mRe X HEAT eSS , 35 U T 3 K
T 0.4 Ay i B PROR R T 80 >0.2 1Y Ik g UEAT i R i O
Z B GUE R HUE L), 25 4 b 2 P A 2 o SIS W24 19
It b1 P 7 e FHR R % HEAE G I IR S BRAE B0, X6 21 A2 7
BEAT IR A 22 R AW, 45 2R IR BRI M A
KT R o KR AR RS A AT A IR L R T A A
B i FOROR) FO ) FCBR ) FORIR) (FCL
W) FORE) FORI) FoR o 15 B0 A PR B G E it 2 R
FIWT L2 K3,

3.24 HEANTAES HHETF ISR TR SR
JA AR 21 W AR A BE— Pt R G IR R TN A
RIASr . TR IFRTRYA R 535905 1A T STk /N AS
], O A IF T2 A P19 77 28 STk o 7 22 TR A AL
ORI NI A IR AN A R E . IR EAEER
TA S F1553 445 50 i m A TR AR R B 3R

3.3 o UG A AR IR A B 3R 43 A1 43

330 e S AREIEMR E R 0 B LR R4
DR S R R B VA RT3 U BN o P S



9532 FEE 20 1 HESXWHFFESRE Vol. 32,No. 20
2026410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2026
®1 WRFEBEABHANKBEREARZR (1=3009)
Table 1 Basic information of carotid artery plaques in high-risk population of stroke (1=3 009)
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A7 3 5) Dk B P 708(23.5) 1020(33.9) 361(12.0) 737(24.5) 439(14.6) 191(6.3) 62(57,71)
Gt/ (x/z) 114.592 108.633 -20.178
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giitit/ (x'z) 1.291 46.962
P 0.256 <0.01
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Table 2 Analysis results of traditional Chinese medicine (TCM) symptoms and tongue and pulse factors in high-risk population of stroke

(common factors and syndrome elements)

NS

B SEIR T IK CPRT 2 )

TR 23R

A A JE(0.717)
5 JBct £ ¥ (0.588)
A JR%2(0.714)
S M 5(0.678)
S H1(0.894)
Js HIE(0.711)
S Jiki5t(0.719)
A Z472(0.608)
Js T (0.729)
Jio KM (0.597)
Ju HE(0.635)
Sz K ANFE(0.710)
Jis A ¥ (0.662)
Sia HIHEC0.779)
Ss #IK(0.343)
fie  PLPIBIHI(0.662)
i 107 €5, 1 1 (0.751)
Jis Jik 41 (0.666)
Jio AT H.(0.728)
S HH#480(0.670)
S Jik % (0.260)

J¥q 121 (0.693)
JEC AR 2R (0.518)
JRIG 4 (0.672)
F15(0.664)
#I%(0.235)
#I%(0.598)
Jik 55 (0.647)
TR 72 (0.594)
£1(0.316)
£%(0.595)

395 (0.539)
W IT (0.589)
HAHKIR0.672)
#i(0.329)
XH T7(0.606)
5515 (0.588)

k4 (0.235)

LrE(0.689)
FIEL (0.454)
IR H % (0.594)
H 7 (0.547)

J5 1K (0.589)
H1%(0.299)

3k (0.504)

T (0.565)

#11(0.300)
#i%E(0.510)
WA Z20(0.218)

Z71(0.651)
VT J 2 ¢ /9 ( 0.449)
% SR 3 IR (0.542)
M+ (0.455)

$(0.257)

\

AR E(0.501)
R AP0 (0.447) FH

HE(0.468) KU

U
KK
ps
231
FH e

A

AT R B KU e f A RERE A BE K A U L P R
T I A KR T RN R S A AR 2 1 R R AR R IR
R R B R R R LAY, S A IE B 40 A d 2D

3.3.2 PRV R FE TR SIS Dk B PR IR R TR AT
TR R T AU TR AT I A R/ 2E SR T B R AR AR IE

15 T ZR AT 53 (9 B AR X HUE 3 B R Ay R AT Ge it , & B W 4
RO B AR R, o HAIE AR B R A 2> HEAT 40 # o AT X
LM IR A5 B T T XU e e AR TP A S K B e CRE S
33 ok G e AT B TR AR S AT S R 5. R
2 3 Jok B He T 5 0 0 8 Ik B B T R L BH O Y I

- 245 -



5532 B4 20 ] HESSEFFFHRE Vol. 32,No. 20
2026410 H Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2026
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Table 3 Common factors of TCM symptoms and tongue and

pulse factor analysis combined in high-risk population of stroke
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Table S Analysis of syndrome elements in carotid plaque patients

at high risk of stroke
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Table 6 Optimal hyperparameter combinations of different prediction models for carotid artery plaques in high-risk populations of stroke
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TCREHEE 1 28 1), B AFTE AN T8 (4 [T, 1 e R A7 A A

Gy (AR AU (] T SESR A TI0I o BECRFF 5 8 T 4 S il A 1 T 0
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53 BIAE A BRI AR SEA T N R SR AIE , 75 H A o ff 2 O
BR A MR F A ROC [ 2 A vfi il 2 R PR ke S il 2%

Xof 45 A5 A DT 25 SRR AT HL AR, i 0 T 5 A A SR A A
7 ROC iy 42 F i AU K S /MEK IR BP il 28 5 4% 45
(0.76)=1% 45 [l 9 #E #1 (0.76)>SVM HE A (0.75) =Fifi AL £f AL
A1(0.75)>CART B 5F MR A (0.71) , 45 51 I 384 58 HH AR 44
b i e £ = K A R i =) e 2 T £
(70.10%)>BEHL R AL (69.60% )>12 4 [0 YT B 7 (69.44% ) >
SVM #7 (69.27% ) >CART PR 5 A4 K L (68.94% ) 5 A58 TR A fff

RT PR SR A B0 BB & TR BT A R AR

O B RAK UK R BP B 28 ) 45 455 8 (69.74% ) > Fifi B 2% A
5 H (69.42% ) > 32 5 [7] 5 455 A1 (68.75% ) >CART B 3¢ ] 45
#1(68.56% ) >SVM 1 %l (68.53% ) ; # 7 73 [A] % fy 125 B MIL AR
W A CART P 3 W B 70 (68.91% ) >BP it 45 [ 2% fi 7l
(68.10% )>SVM 5 21 (67.93% ) > % 5 1] 5 £ 7 (67.92% ) >
Rl BL AR MRS AL (67.31%) 5 #55 AY F1{H fh & B AR 4K K
CART 5 H4 B2 71 (0.686 ) >BP it 25 W 25 5 % (0.683 ) > %
485 [ 5 455 Y (0.681) =SVM #4 #4 (0.681) > i AL Fk Ak A5 7
(0.675). ZERWFK T,

Table 7 Evaluation indicators of carotid artery plaques in high-risk populations of stroke by various predictive models

AL S A HER 2 /% R0 2/% A Inl R /% F fH ROCHIZ FHifR ek Rptse Ko h L UE
CART 51 68.94 68.56 68.91 0.686 0.71 1.64 -0.38
SVM 69.27 68.53 67.93 0.681 0.75 0.99 0.01
4 A 69.44 68.75 67.92 0.681 0.76 1.03 -0.02
BP it 4 [ 2% 70.10 69.74 68.10 0.683 0.76 1.03 -0.01
BEAL AR R 69.60 69.42 67.31 0.675 0.75 1.65 -0.37

IR WE BE 47 SRR O SVM BT BP i 45 W) 4% 4 iTie

BEHY A ] R R  CART DR 5 B AL AR ARAE I . L
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TR ) o A5 R LI R RSB 0 AT R o
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SR DL 55 S RERRS Jon B Ae

BP 1 22 [ 25 A0 0 70 ik rp BEAS 5 B 5 7 18 45 A B A
R UGN SEE S (N R AN 3o i d S PEN TN RL D RS
S PR 5 T K B A AR OO £, R AN SRR Sk
) o (R 25 £, (H AT REC KA ) o 25538 DLIE 3 Al
FE A

Wit AL 2R ARASE TR A A rp AR {7 G0 Y A A S HE A
FET DR AR B BR A b AR 5 T bk P 44
FEHT IR R £, CRE N ZE KR k) L, (A 280 Dk
) Sy KR ) o &5 2 DL B HH RSB A0 o

4.1 U i 8 TR TR A% 2R 23 A KL 23
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