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[Abstract] Objective: From the perspective of cardiovascular-kidney-metabolic (CKM) syndrome, this study aims to
construct and validate a diagnostic machine learning model integrating traditional Chinese and Western medicine for severe coronary
artery stenosis in patients with CKM, thereby providing clinical decision-making support for patients with borderline lesions.

Methods: Based on a retrospective study design, a total of 535 hospitalized patients from two independent campuses of Jiangsu
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Province Hospital of Traditional Chinese Medicine: the main campus (from January 2024 to August 2024) and Zidong branch
(from September 2024 to December 2024) were screened. Data from the main campus were randomly divided into the training
dataset (376 cases) and the internal validation dataset (95 cases) at a 4: 1 ratio, while data from Zidong branch served as the
external validation dataset (64 cases). Risk factors were analyzed and screened through literature review, expert interviews, and
the least absolute shrinkage and selection operator (LASSO) algorithm. Nine machine learning algorithms were utilized to construct
diagnostic models. Comparative analyses of common evaluation metrics, calibration curves, and decision curves were conducted to
select the model through internal and external validation. The Shapley additive explanations (SHAP) method and two cases were
utilized to help understand the operational logic of the best model. Finally, the best model was applied to patients with borderline
lesions to calculate diagnostic efficacy. Results: Nine risk factors were screened by LASSO regression, such as phlegm,
hematoma, stagnation, deficiency, hypertension duration, gender, arterial stiffness index (ASI) , uric acid to high-density
lipoprotein cholesterol ratio (UHR ), and glycosylated hemoglobin (HbA1c). After comparison from multiple dimensions, the light
gradient boosting machine (LightGBM) was the best model, achieving area under the curve (AUC) of 0.918 (95% confidence
interval (CI) : 0.890-0.945) in the training dataset, 0.885 (95%CI: 0.820-0.951) in the internal validation dataset, and 0.897
(95%CI: 0.818-0.975) in the external validation dataset. Calibration curves indicated good consistency in the predicted
probabilities, while decision curve analysis showed clinical benefit when threshold probabilities were less than 90%. SHAP
importance rankings were stagnation, deficiency, hematoma, HbAlc, gender, phlegm, hypertension duration, ASI, and UHR.
When applied to the patients with borderline lesions, the diagnostic model achieved an AUC of 0.783 (95%CI: 0.637-0.930) , with
73% of patients with actual severe stenosis getting benefit. Conclusion: Guided by clinical value, the diagnostic model integrating
traditional Chinese and Western medicine established in this study demonstrates favorable performance, providing a basis for
clinical diagnosis, treatment, and decision-making in patients with CKM.

[Keywords] cardiovascular-kidney-metabolic syndrome; coronary artery stenosis; borderline lesion; diagnostic model;
machine learning
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Table 2 Comparison of general information of different datasets
i H 2R 4E (376 1)) PR S 6 UE 4 (95 f81)) A1 R 5 UESE (64 f51]) XH P
A 67.00(58.00,73.00) 66.00(58.00,73.00) 62.00(58.25,71.00) 0.256 0.256
iR 216(57.45) 57(60.00) 47(73.44) 5820  0.054
i 48 b @ 115(30.59) 35(36.84) 25(39.06) 2.682 0.262
R s @ 83(22.07) 24(25.26) 13(20.31) 0.631 0.730
N KT 80(21.28) 19(20.00) 13(20.31) 0.092 0.955
iR L g e A 5.0(0,10.0) 6.0(0.1,12.0) 5.0(0,18.0) 0.652  0.722
Jik4 /% /min 75.50(68.00,85.00) 75.00(68.00,83.00) 76.50(69.25,83.75) 0.782 0.676
BMIV/kgm? 25.39(22.90,27.54) 25.39(23.44,27.34) 25.26(24.01,26.85) 0.515 0.773
TCY/mmol-L" 4.10(3.31,4.91) 4.09(3.31,4.85) 3.85(3.10,4.61) 3.468 0.177
TGY/mmol- L 1.45(1.01,2.11) 1.42(1.03,1.82) 1.49(1.05,1.91) 0.356 0.837
HDL-C?/mmol-L" 1.06(0.90,1.24) 1.07(0.86,1.20) 1.00(0.83,1.23) 2.306 0.316
LDL-C"/mmol-L" 2.21(1.68,2.82) 2.26(1.72,2.83) 2.29(1.74,3.05) 0.641 0.726
ASI? 2.83(2.15,3.57) 2.94(2.23,3.63) 2.65(2.13,3.57) 0.573 0.751
e¢GFR<60 mL-min"'+1.73 m™>? 35.00(9.31) 8.00(8.42) 6.00(9.38) 0.076  0.963
Ser/pwmol- L 72.30(61.93,85.78) 74.00(60.90,85.00) 71.00(56.75,82.00) 2.105 0.349
SUAY/umol-L" 343.50(278.25,402.75) 358.00(279.00,419.00) 328.50(263.00,399.75) 1.343 0.511
UHR? 0, 95(25.27) 23(24.21) 12(18.75) 1.263 0.532
0, 95(25.27) 23(24.21) 18(28.13) 0.325 0.850
0, 95(25.27) 22(23.16) 21(32.81) 2.047 0.359
0, 91(24.20) 27(28.42) 13(20.31) 1.415 0.493
HbA, /% 6.20(5.80,6.70) 6.10(5.80,6.90) 6.15(5.70,7.28) 0.245 0.885
FBG"/mmol-L" 5.08(4.54,6.10) 5.28(4.54,6.61) 5.66(4.71,6.72) 4.762 0.092
TyG-BMIY 220.77(195.58,246.55) 220.78(200.27,248.35) 224.86(206.87,238.56) 0.665 0.717
AR5 /% 10° A4S L 6.24(5.39,7.38) 6.26(4.96,7.27) 6.00(4.98,7.10) 3.463 0.177
oMk 2 i 24 4 BV < 10° A4S/ 3.90(3.12,4.92) 3.88(2.96,4.69) 3.57(2.90,4.49) 3.865 0.145
Phk [0 40 i 24 o {5 /% 10° 4 /L 1.69(1.28,2.15) 1.62(1.34,2.08) 1.65(1.26,2.09) 0.148 0.929
NLRY 2.21(1.65,3.20) 2.28(1.70,3.05) 2.24(1.61,3.28) 0.424  0.809
L B ST-T i A5 @ 245(65.16) 66(69.47) 41(64.06) 0.724 0.696
Hh o P 2 b 178(47.34) 41(43.16) 28(43.75) 0.705 0.703
R 276(73.40) 66(69.47) 40(62.5) 3.395 0.183
i 192(51.06) 45(47.37) 36(56.25) 1.208 0.547
M 98(26.06) 32(33.68) 30(46.88) 12.086 0.002
Sk Jok T 7 e A @ 156(41.49) 39(41.05) 40(62.50) 10.189  0.006
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Yl 2k 4 g A /B % 376 A, o BH R g 1 R
156 A, Bl 2542 BH A 55 A2 #2=156/376(41.49) .
2 JECBI AR M Bk B T R A R R i AR
WF5E EPV LRSFELLS, DA TR AL AR g M . M4 EPV
J U] 5 42 BT T R A B = (8 AR R B EPV )/
CUN 25 5 PR 3 A2 ) =325<376, IR L 28 Al 1+
BN



5532 %55 10 ) HESSEFFFHRE Vol. 32,No. 10
202645 H Chinese Journal of Experimental Traditional Medical Formulae May,2026
2.4 Wi AR IR ST 48 . engine= "kknn", neighbors=7, weight func=

241 HESEFUER KA OU 30 A =R A%
R E A LR UE ST, 25 S i S 4
mF . @ # 3K B : engine="rpart", cost complexity=
0.033 8, tree depth=3, min n=10; @ Pl HL A Mk : engine=
"randomForest", mtry=2, trees=500, min n=20; @ Ik
FIR 6 )& 42 T : engine="xgboost" , mtry=2, trees=100 0,
min n=5, tree depth=1, learn rate=0.064 3, loss
reduction=0.034 9, sample size=0.948, stop iter=25;
@ 3 P P 4% . engine="glmnet", mixture=0, penalty=
1; ® 3 +5 ] 2 Bl : engine="kernlab", cost=0.031 2,
rbf sigma=0.000 1; © 7% )2 #h £ M 4% : engine="nnet",
hidden units=24, penalty=1, epochs=50; @& # [ I .
engine="glm"; @ % & X # B #& F+ #l : engine=
"lightgbm", tree depth=1, trees= 94, learn rate=0.06,
mtry=2, min n=5, loss reduction=4.48¢-10; OK i

R3 IMMBFIRBAERIERPRIRAE

"rectangular", dist power=2,

242 Hlase I BAGEE LK uE I RIES R
FH S A 48 2 50050 0 A B A8 I R FH P 5 S A0 e
UEAE VEAT XU 0 ¥ I 36 UE . MMERH R . Kappa R4 .
B WA ¢ R B KSR H 113 FLE & AUC XA
[F] A58 A8 11 e AT L, 45 R WL 4R 3. XGBoost EN,
SVM .SNN.LR.LightGBM 7& N ¥ 5 iE 4 vh 2 B A
Bm I AUC, IE BT HAT R4 X0 B2 5 A2 #f i
— O AR TE L T [ AR A A P I 4R
AR T T 2 B i R R S 2, DL IRT 1 T 2 el 2k
H XGBoost, LR, LightGBM 5 B A8 15 ] iy £& %5 g I
I, H SR i 2 rh > ) {E HE 32 <85% I, A B 1Y
AR s AE , TE B = 5 o Rl PR M 8
T 28 AEAMREUE S H H A 3 AT AL 1 BE L LightGBM
K IR AR Y A, PRI S 8 ARy e A2 B AR

Table 3 Efficacy of nine machine learning models in the validation dataset

AR 2 7 WA HERfE  Kappa /&L  SEWMHCRE Kok  HRlR FIL  AUC[95% 15X 18] (95%CI) ]
WHESEIESE DT 0.695 0.404 0.425 0.593 0.821 0.688 0.714(0.625,0.803)
RF 0.779 0.541 0.542 0.737 0.718 0.727 0.865(0.794,0.937)
XGBoost 0.789 0.584 0.603 0.686 0.897 0.778 0.881(0.813,0.949)
EN 0.747 0.509 0.538 0.636 0.897 0.745 0.886(0.821,0.950)
SVM 0.779 0.562 0.577 0.680 0.872 0.764 0.891(0.828,0.954)
SNN 0.726 0.468 0.495 0.618 0.872 0.723 0.886(0.821,0.950)
LR 0.800 0.601 0.612 0.708 0.872 0.782 0.889(0.825,0.952)
LightGBM 0.747 0.509 0.538 0.636 0.897 0.745 0.885(0.820,0.951)
KNN 0.768 0.546 0.571 0.660 0.897 0.761 0.821(0.737,0.905)
SNREIESE DT 0.750 0.484 0.488 0.833 0.750 0.789 0.750(0.638,0.862)
RF 0.734 0.489 0.531 0.926 0.625 0.746 0.891(0.800,0.981)
XGBoost 0.781 0.548 0.553 0.861 0.775 0.816 0.876(0.782,0.970)
EN 0.797 0.570 0.571 0.846 0.825 0.835 0.897(0.816,0.977)
SVM 0.812 0.607 0.608 0.868 0.825 0.846 0.902(0.826,0.978)
SNN 0.812 0.607 0.608 0.868 0.825 0.846 0.892(0.812,0.971)
LR 0.781 0.548 0.553 0.861 0.775 0.816 0.886(0.803,0.970)
LightGBM 0.844 0.667 0.667 0.875 0.875 0.875 0.897(0.818,0.975)
KNN 0.844 0.672 0.674 0.895 0.850 0.872 0.900(0.817,0.983)

2.4.3 I fERIRPEAY OB AR LightGBM 7E |
SRAE NI I R AR KON SR R AT . R,
“H I AUC #>0.85, 3R I BRI 1 X 4 B85 4f, HL
BA R mRae Rz e ). eI e
LightGBM # £ X CKM & # 56 ik & J 5 4% (1) 7l U]
BE S BA — B0 . LightGBM A5 78 78 e 5 15 (i Al

F<90% I}, B Y ATk 4%, A B A 0 A I DR 3

FtE. WLIE 3,

2.5 BEAIA[ R BEPE LightGBM Ay — Fh i 25 il B

JE P FHAE 4L, 7 Ab 35K R ASE B RN A2 2 B AU AT 55 h

FEI (B S R AR AL X DL 08 B A R AE X

i &5 S Tk . SHAP 3 B 32 T4 VE EZe 34,
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Fig.1 Calibration curve of internal validation set % 064
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Fig. 2 Clinical decision curve of the internal validation set
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HE R B HFAE 4 i — > 2 {H Shapley, M i X 22 ;s
e 5 N . . — 0 25 50 75 100
R R ) T 5 S AT RO, AN 4A TR,
BIEBER/%

SHAP - ¥4 5 22 P HE 24 KUl i L HE S HDA | 1
B ER IR FE LASILUHR, & 4B i RE & h , LA
HbA, ], FEAE (B B K, A 23 €5 4R 21, B Shapley
A A, 8 B L X 92 WG e kR e A 1Y) R )
KM FERRPEE R W7 a R, R
L 2L RE A XTI 4 Shapley i 9 17, d B Hoxf T2
W =l 56 Jok R B A 1 S M AR R . Ao SRy S A R T
HE— 20 A5 Bly $HLAg AH N DR 2R 5 ) B R SRR E R AR
B2 W D DR D TR 2 R 2 A B
FEARVEAT TR, B 4C o CKM [R5 11 5 28 T {5
S —=1.47 , PRI T80 Sy 5 Jok AE R Bk 4 5 18] 4D rh e
T A 0.895 , PRI b et Jik = 188 XL B 458 1 o

2.6 IFRAEN ] 4 CKM B E 1T CAGHT 34
H N5 ik CTA 4521 | i % CAD-RADS 153y 3 1Y
Il L5 A8 #8348 ki i A o (i I LightGBM #4) £
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Fig.3 Multi-angle evaluation of the best model

14 o AR ASE TR R FH A HEAT 12 W . e 2 L U 35 A
45 151, FC v o ok L RE M 5 15 ), AR R e
309, A5 712 Wt 45 S 0 TR VA I S ROC f 46 UL 3 i
H RSB IR R o R A AE TR A I SR AR 32 I AL
£ 4 ROC 4 #1 , AUC & 0.783 (95%CI 0.637~
0.930) . AWFFE I, 29 33% A9 I A AT S &
CAG IE S A7 70 8 BB AE | T 2212 Wi A5 B 4 W s, G
H 73% 1 S5 3 AT N A AR A L DA T R A BE T B, [
I T Al Bl S A e SR, A B B I R L
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Fig. 4 SHAP analysis of best model
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(IR N 1S A E N B (6 9F = e e
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YIRS I AR AE [ 2 b i 25 5 100 D0 A Y, 3 ¥
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AR R A R, A IR 2016 4T &3S T
N 10 4F By Jik ok R B 1 0o 1 45 5 95 2 9 XU F A7 11
China-PAR #5172 37 1 6 of B 22 %) 1) i 455 78
BLomiEG TR (NEHR WS AL EHEE
HEAERCY R DL RO S RN HEUE I YA N
O, PIIEAY IE 28 R AR 2 1 B 38 M BL 1% 5 0 e IR
TR AR R H AT A AOIR A DA 4 e A ) o

A BF 5% DL TRIPOD-TCM ¥4 B4 g #0385, 4 98
CKM Zi A iF 1595 e AiE , JF Jé 1 ek Jok 20 38 8 728 A G
PG B G 12 W AR Y A A R R S0 TIE PP Al RN
o FE0F I8 TF b A b, & DA IR M 1 5
], 2 A5 R A I DR S R M o AR F 5 2k 4l A 1A
53541, Hoh I 2R 4 376 191, P90 I 4 95 1, AR
95 F 4 64 il o A 56 I 4R 7E i Bk T R B A RN
“HE PO BN 2R AR B R g IR AR 25 R B St
B XA RE S B2 YT S R F N R A O T
P 0 ST 0 B UE B | FEXT T 45 AU AL 3o R 52 AR /)
1 56 UE B A7 E S T AR T R A AR X T R 0 8K
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SRz AR BE 1, R JE Sk £ vt V5 Hb R I B R IR
P il o[RS 30 2k S S5 1 & B AR A A1 40 I 4
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PIA 9 ik 0 7 R A o 1) R i O L A

28 SCHk [ v & R U5k K LASSO [543
Br, i 5 8 S U LR LR IR e AR M S L AST
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W A5 5 AUC 9 0.918(95%C1 0.890~0.945) , [N 7 1
IEHE 4 0.885(95%CI 0.820~0.951) , 4 ¥ 46 3iF 4 Ky
0.897(95%CI 0.818~0.975) , % HH A5 704 o #ff 11 45 1
TE M 36 T A v A o ot e RIS DR ke 5 i 4 4 4
7% HE LAY By 0 A v R I DR S, LS B Ra
Pk Koz Ak fig 11 3 . SHAP 43 #7328 /% W L KB L 9E
HbA 50 0 5 M o o 76 6T I PR DR 5 5 M i
T I 95 A8 BB B AR A AUC 2 0.783(95%C1
0.637~0.930) , 12 Wi AL REATI ¥ it , IF i 73% 7ef Bk CTA
R A P 7 8 B B R DN TR AR 25 o 1D R S B ) R
5l Wk CTA B A fie 12 Wi B AL, fifi 45 5 Jik = 2 A 28
P RR R R R AR DT R A B TR YT, B
AR5 4 52 AN 1A

560 0 95 P I 20 R B A IS R PR ik T
N AN D AN R (F A S R E
W TR L BH R 35 R R A WO B BB T
BRI, AHE TR FORS (87 W R OB L 4 R M IR
LU T m R B 98 R B R HE ) i IR e
CHETIUE R B ERR AH B AL B R e e e B AR
e AR R DLW AR SR 3 e o
AR 22 R LGS P R T RE O R Il AE R AR L D) AR Il A
ARZS S AE Ve i R AT ORIk 5% U B AR P R
PGS P AE E— 0 IR T DL el i g s o
LR BUR A T, SRR K SR 5 i ) R
S LA R T R 3 e ik 22 SR AR A DL i S
LA Z T, B R, B TR MR R
B MKAE S5 . CKM 8 A UL 2 AR 25 8L, A [ 1A
RS EEN A AR R AETE IS, IR WL T AN TR
B B RRAE . UHR 0] DL B 58 6E FAG PR 251, 78
2 FRHE R AR A AR i P O L A
g B R AR IPAS RE T o ARSI — P UESE T
H 5 CKM & 35 56 kope 78 1Y A1 SC Ve, A 28 B R 3 1Y
WEALE IR R bR &9 . TyG-BMIFE Jy i 1 4 34 5 45 2%
Yo, e AW T BB R OB AH OC M IR R MO R
(MASLD)“ 4 A\ A vl (g 551470 2 47 4 bR
5 A G IR B e Jok e s - R R L v e 3
T BRI, IR A WF S8 UESE T HoAE CKM 0~3 1] i
H W5 CVD KR 3B AR S H AR AR AL (Y
R RMAEE., AHREN, TG HEHF MR
FET- 3 AL M R AL 2 ) 2 UARLC RS Wl &
SRR 1 Ty G #4550k ¢ XU i 82 T o AR5
230 TyG-BMIFE U 43 {7 B dE A7 43 FAb B )5 | ol
it 7 LASSO [a] )5 4 i 2 , {5 AH 5C 52 EA B, i
ZHERR W R R kA L A B HE— DR 5R

- 178 -

M, AR B kOB AS 19 1 PR 2 W = B RO e ok
CTA 5 CAG,H = H WA & /KR OFF 768
SR R 3 R A B A A KU s QR A AR
B R AR 2 e DU TR 0 4 5 B3t ik CTA X i
FLIR A8 By A B A8 BE B, 1T CAG {1 AT B 4 s v
A e STt A 2 B . AR 5T A A 12 T A
AL 25 28 I R P 3 - D B4 2K BUE £, 1 HbA
AST UHR 7 Ifii PR 8 KA 3846 00, 24 6 A i 3t (] 12
BV AT SR A 3 ok 20 N FH DA UE B R HE 2 TR
AR AL T B SRR/ < I R A N T S bk B A 1Y
Ti2H ,QORE KW EIY (421297 T oKk, vl 38 it
125 VE Al B 7 72 B ) 52 1297 SR W o A XUBS: A RE T
kG 2L BE BT, e XU R D A — 2B AT e Bk
CTA B B3 A BefT CAG K , I M il PR 116 T 6
B R R i A TR

2 b AR T CKM R 3 e Bk R P A8
14 v 7 = B 12 TR AR O 20 IE S L R 1Y 12
RCRE K A (8 o H TR A R R B KA
Wi A 56 UE , i A Sk $0 7 A B ) = B IF J B K R
A% T Z2 v I R B, DA AR A R O k4R O
b — 2 U HoE Bt B iz Ak B Sy o W
it AS [a) i 3 B A7, W] IR AT RS 2R ) R 2= R LAk,

DL e A TS 1 .
[FlsEhE] AXLREEEMTHEF R,

[ &% 3]

[1] NDUMELE C E, NEELAND I J, TUTTLE K R, et al. A
synopsis of the evidence for the science and clinical
management of cardiovascular-kidney-metabolic (CKM)
syndrome: A scientific statement from the American Heart
Association[ J]. Circulation,2023,148(20):1636-1664.

[2] NDUMELE C E, RANGASWAMI J, CHOW S L, et al.
Cardiovascular-kidney-metabolic  health: A  presidential
advisory from the American Heart Association [J].
Circulation,2023,148(20):1606-1635.

[3] TRUETT J, CORNFIELD J, KANNEL W. A multivariate
analysis of the risk of coronary heart disease in Framingham
[J].J Chronic Dis, 1967,20(7) : 511-524.

[4] CONROY R M, PYORALA K, FITZGERALD A P, et al.
Estimation of ten-year risk of fatal cardiovascular disease in
Europe: The SCORE project[ J]. Eur Heart J,2003,24(11) :
987-1003.

[5] COLLINS G S, ALTMAN D G. An independent external
validation and evaluation of QRISK cardiovascular risk
prediction: A prospective open cohort study[J]. BMJ, 2009,
339:b2584.

[6] GOFF D C,LLOYD-JONES D M, BENNETT G, et al. 2013



F3255 104
20264F5 H

[ 5238 75

eh JL ==

[10]

[11]

[12]

[14]

FIR Vol. 32,No. 10
Chinese Journal of Experimental Traditional Medical Formulae May,2026

ACC/AHA guideline on the assessment of cardiovascular risk: [15] CURY R C, ABBARA S, ACHENBACH S, et al. Coronary
A report of the American College of Cardiology/American artery disease - reporting and data system (CAD-RADS) : An
Heart Association Task Force on Practice Guidelines [J]. expert consensus document of SCCT, ACR and NASCI:
Circulation,2014,129(25 Suppl 2) : S49-S73. Endorsed by the ACC[J]. JACC Cardiovasc Imaging,2016,9
Mg s dh , T ARE, b 1898, 45 L SO LR IE PCTAR G 14 (9):1099-1113.
MACEs AU Il PR 750 00 452 A0 14 2 57 5 30 [T ], op [ 5240 07 [16] VAN SMEDEN M, MOONS K G, DE GROOT J A, et al.
7242k, 2023,29(20) : 69-80. Sample size for binary logistic prediction models: Beyond
TAO S Y,YU L T, YANG D S, et al. Establishment and events per variable criterial J]. Stat Methods Med Res, 2019,
validation of clinical prediction model for 1-year MACEs risk 28(8):2455-2474.
after PCI in coronary heart disease patients with blood stasis [17]  FhSWT 42 S0ut, BRI an, 45 . v R 25 AR TS 502 W 70 ) A
syndrome[ J]. Chin J Exp Tradit Med Form, 2023, 29(20) : T HIF 5% 42 45 LI ——TRIPOD-TCM ¥ #[J]. w1 24 i,
69-80. 2022,63(10):936-942.
WRih ok, 223 K8 — 4 . JE T HLAR 2% 2 5 O AR B0 28 SUNY X,HOU W B,CHEN Y R, et al. Transparent reporting
i 9% et A BELIE 32 W A R A 5 (], v R b B 2 0 B A AR of a multivariable prediction model for individual prognosis
2024,31(12):142-150. or diagnosis of traditional Chinese medicine: TRIPOD-TCM
CHEN H R, JIANG T,ZHENG Y, et al. Study on diagnostic checklist[ J]. J Tradit Chin Med,2022,63(10):936-942.
model of stable angina pectoris of coronary heart disease with (18]  ZEHWa, #ha] BH , 25 4% . 56T LightGBM 5 SHAP iy 25 i f1
phlegm turbidity blockade syndrome based on machine IR AT S B L g 2 I A [T ], 242 1),2024,45(2)
learning [J]. Chin J Inf Tradit Chin Med, 2024, 31 (12) : 442-453.
142-150. LI S S,SUN C Y, LI G D. Interpretable machine learning
RO IERPHEE (M) dbat: AR TAE A, 2008. model of cavity water depth based on LightGBM and SHAP
ZHU W F. Syndrome element differentiation [ M ]. Beijing: [J].J Mech Quart,2024,45(2) :442-453.
People's Medical Publishing House,2008. [19] XUE B, LI D, LU C, et al. Use of machine learning to
FE W BRI, AR A RO R R B A I PR ATE Y develop and evaluate models using preoperative and
[T]. thE Vg EEgs A 2435 ,2019,39(8) : 1015-1019. intraoperative data to identify risks of postoperative
WANG J, YAO K W, LI J, et al. Pathogenesis and clinical complications[J]. JAMA Netw Open,2021,4(3):e212240.
study of "phlegm, blood stasis, stagnation and deficiency" in [20] CHEN Y, YANG Z, LIU Y, et al. Exploring the prognostic
coronary heart disease [J]. Chin J Integr Tradit West Med, impact of triglyceride-glucose index in critically ill patients
2019,39(8):1015-1019. with first-ever stroke: Insights from traditional methods and
T, T, W bk, 45 . SO0 PSR R RS N T 5 A machine learning-based mortality prediction [J]. Cardiovasc
FELT]. BSR4 ,2019,60(4) :280-284. Diabetol,2024,23( 1) :443.
WANG J, XING Y W, YAO K W, et al. Connotation and [21] GBD 2017 Causes of Death Collaborators. Global, regional,
extension of the theory of "phlegm, blood stasis, stagnation and national age-sex-specific mortality for 282 causes of
and deficiency" in coronary heart disease [J]. J Tradit Chin death in 195 countries and territories, 1980—2017: A
Med,2019,60(4) :280-284. systematic analysis for the Global Burden of Disease Study
A B . P 2T 2 IR R AT SR S s M. JE T [ B 2 2017[J]. Lancet,2018,392(10159) : 1736-1788.
Bl A, 2002, [22] LIU M, HE X, YANG X, et al. 2024 annual report on
ZHENG X YGuiding principles for clinical research of new cardiovascular health and diseases in China: Data and trend
Chinese medicines [M]. Beijing: China Medical Science [J]. Chin Med J (Engl),2025,138(23):3037-3049.
Press,2002. [23] GAN TM, KE H, YANG Y, et al. Systematic analysis and
0 7RE W E . ARG AR B R e M]. dbs AR comparison of the burden of cardiovascular diseases in China
T A, 2004 186. from 1990 to 2021 and its 15-year prediction with global
JI C Y, YAO Y. Modern cardiovascular disease imaging levels[ J]. Front Cardiovasc Med,2025,12:1660259.
diagnostics [M]. Beijing: People's Military Medical Press, [24]  FRERE BRI . O B RZE A E & AL R g R LT].
2004:186. o LA 2435, 2025,30(1) 1 9-15.
rh AR PR A L0 LA A A 4 L TP AR I A G A A A R DU H Z, CHEN C. Research progress in the pathogenesis of
2 EE YR KSR A E R B IS W ROE AR R LT, AR cardiovascular-kidney-metabolic ~ syndrome [J]. Chin J
M4 2% ki ,2024,52(6) - 13-38. Cardiovasc Med,2025,30(1):9-15.
Chinese Society of Cardiology, Editorial Board of Chinese [25] DU, XIVLHE kA 48 . DCAR AR Ol RS BRI BILTE AR BR

Journal of Cardiology. Guideline for the diagnosis and
management of patients with chronic coronary syndrome in

Chinal J]. Chin J Cardiol,2024,52(6) : 13-38.

TFO I - B E- A 2 A AR R T 2 A ()], PRk,

2025,66(7):680-684.

RUAN Z C, LIU J T, ZHANG H, et al. Prevention and
+ 179 -



F3255 104
20264F5 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 32,No. 10
May,2026

[31]

[32]

[33]

treatment of cardiovascular-kidney-metabolic syndrome with
traditional Chinese medicine based on the pathogenesis
evolution of "stagnation, heat, deficiency, blood stasis, and
toxin"[J]. J Tradit Chin Med,2025,66(7) : 680-684.

AR T AR A . S RO JUUREBE B R O 10 A -
U - PO £ S AE A SRR AE A3 BT LD b B0 aft A S F 5T
2024,22(11):1046-1051.

JING FY,YIN C L, XIA J G. Analysis of cardiovascular-
kidney-metabolic syndrome staging characteristics in patients
before acute myocardial infarction [J]. Chin J Cardiovasc
Res,2024,22(11):1046-1051.

EE 8 =S 1/TE SIO |  = g o e I
R ST I Ak, 2024, 23(5) :368-371.

WANG F Y, GAO Y M, DENG Z L, et al. Proposal and
significance of cardiovascular-kidney-metabolic syndrome
[J]. Chin J Blood Purif,2024,23(5) :368-371.
HAW, W 5w A D A - DE - 2R B AR R
25 A D [ ZRALIR [T ] v L0 M A5 5 9T, 2025, 23
(3):193-228.

XIA J G, YUAN M X, CAI X L, et al. Chinese expert
consensus on comprehensive management of patients with
cardiovascular-kidney-metabolic  syndrome [J]. Chin J
Cardiovasc Res,2025,23(3):193-228.
BRARHE A8 ROk O - B U 2R S IR TR 3
JORCAS AR B AP O I 95 1 IR 5 4 PR [0 ). 0 1T A
22, 2025,46(4) :289-293.

YINY Z,LI Z, WU Y J. Current status and management
strategies of atherosclerotic cardiovascular disease from the
perspective of cardiovascular-kidney-metabolic syndrome[J].
Adv Cardiovasc Dis,2025,46(4):289-293.

E LB X, S b 35—64 2 RO LA R A I A
5 R A TN AR R A B RE MBI ST [T, b i 5 2%
#,2003,31(12):25-31.

WANG W, ZHAO D, LIU J, et al. A prospective study of
cardiovascular risk factors and risk prediction model for
cardiovascular disease in Chinese population aged 35-64 years
[J]. Chin J Cardiol,2003,31(12):25-31.

58 O S L A TR 25 S R PR KT iUy
ZERIWEFE AL . NS i e 0 A5 9SS R I AL
% BT G VR A TR IT R B LT]. AR 1 A
2003,31(12):16-24.

The National "Tenth Five-Year Plan" Research Group on
Comprehensive Risk Assessment and Intervention Program
for Coronary Heart Disease and Stroke. Development of risk
assessment method and simple assessment tool for ischemic
cardiovascular disease in Chinese population [J]. Chin J
Cardiol,2003,31(12):16-24.

HAN C, LIU F, YANG X, et al. Ideal cardiovascular health
and incidence of atherosclerotic cardiovascular disease among
Chinese adults: The China-PAR project [J]. Sci China Life
Sci, 2018,61(5):504-514.

BEWIGRIE B TR LRSS 2R R RS

- 180 -

[36]

[39]

A 2 JROHE DR A RS S0 A5 10 [T ], v [l o B i B A A A
2021,27(3):451-456,501.

LIJ,HU X J,TU L P, et al. Risk prediction model for type 2
diabetes based on combination of tongue parameters and
multi-index features[J]. Chin J Basic Med Tradit Chin Med,
2021,27(3):451-456,501.

ok 2508 kL3, 4 Db oy BE 2N A A RO ) S 9B A B
B0 T ARG T A R () R A (D). rp A R 22 )L 2022, 40
(11):87-90.

YANG Y, LI Z, DU Y, et al. Construction of in-hospital
mortality risk prediction model for heart failure from
perspective of integrated traditional Chinese and western
medicine [J]. Chin Arch Tradit Chin Med, 2022, 40 (11) :
87-90.

WL TRV . T AL AR AR Y e 5 I A B I A R A 5
(3] A FERE 2 H AR — v B2 25 BUAR AL , 2024, 26(7) - 1906-
1915.

LUO Y, ZHOU J. Study on prediction model of phlegm-
dampness constitution in traditional Chinese medicine based
on random forest[ J|. Mod Tradit Chin Med Mater Med World
Sci Technol,2024,26(7):1906-1915.
BB R, B AR BT 0 B AR R AR A A AT
L 25 R DA R B R AL 2 ) T A R [ ], Rt e R 2 KA
%41,2024,40(12):1366-1374.

ZHONG X, ZHAO T E, LYU S M, et al. Construction of
machine learning prediction model for mild cognitive
impairment in elderly hypertension based on dual-dimensional
characteristics of traditional Chinese and Western medicine
[J]. J Nanjing Univ Tradit Chin Med, 2024, 40(12) : 1366-
1374.

S BH PR S, SR L AR IR 24 AU TR0 A R A 9 0 T A
AT ]. b [ 5256 05 M 24 200, 2024,30(14) : 209-217.
JING C Y, DAI Z Q, WU X, et al. Visual analysis of
prediction model research in field of traditional Chinese
medicine [J]. Chin J Exp Tradit Med Form, 2024,30(14) :
209-217.

o AP R A A A 20 I A 2 L RO T R IR A T
(1], PP LA 245, 1991,11(5):257.

Cardiovascular Society of Chinese Association of Integrative
Medicine. Traditional Chinese medicine diagnostic criteria for
coronary heart disease [J]. Chin J Integr Tradit West Med,
1991,11(5):257.

EWY L BROE . BT 2% AR G GO PR B R B R I E o
FILT]. b S8 5 27 A 35,2019, 25(1) 1 11-15,

WANG J, CHEN G. Theory and clinical application of
phlegm, blood stasis, stagnation and deficiency in coronary
heart disease based on complex system[J]. Chin J Exp Tradit
Med Form,2019,25(1):11-15.

T R A D - R R M A U [ L (A
PR S PR Hh RO WF 52 BE R (7], I IR 25 46 ,2022,37(11)
1044-1047.

ZHANG X Q, CHEN S C. Research progress of uric acid to



F3255 104
20264F5 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 32,No. 10
May,2026

[41]

[43]

[45]

high-density cholesterol ratio
metabolism-related diseases[J]. Clin Focus, 2022, 37 (11) :
1044-1047.

AKTAS G,KOCAK M Z,BILGIN S, et al. Uric acid to HDL

lipoprotein in glucolipid

cholesterol ratio is a strong predictor of diabetic control in
men with type 2 diabetes mellitus[J]. Aging Male, 2020, 23
(5):1098-1102.

YAZDI F, BAGHAEI M H, BANIASAD A, et al
Investigating the relationship between serum uric acid to high-
density lipoprotein ratio and metabolic syndrome [J].
Endocrinol Diabetes Metab,2022,5(1):e00311.

PARK B,JUNG D H, LEE Y J. Predictive value of serum uric
acid to HDL cholesterol ratio for incident ischemic heart
disease in non-diabetic Koreans[J]. Biomedicines, 2022, 10
(6):1422.

GAO X, CHEN T, ZHOU F, et al. The association between
different insulin resistance surrogates and all-cause mortality
and cardiovascular mortality in patients with metabolic
dysfunction-associated steatotic liver disease [J]. Cardiovasc
Diabetol,2025,24( 1) :200.

SHAO Y, HU H, LI Q, et al. Link between triglyceride-
glucose-body mass index and future stroke risk in middle-
aged and elderly chinese: A nationwide prospective cohort
study[J]. Cardiovasc Diabetol,2024,23(1):81.

HUO R R, LTAO Q, ZHAI L, et al. Interacting and joint
effects of triglyceride-glucose index (TyG) and body mass
index on stroke risk and the mediating role of TyG in middle-

aged and older Chinese adults: A nationwide prospective

[47]

[48]

[49]

[50]

[51]

cohort study[ J]. Cardiovasc Diabetol,2024,23(1):30.

GUO K, WANG Q, ZHANG L, et al. Relationship between
changes in the triglyceride glucose-body mass index and frail
development trajectory and incidence in middle-aged and
elderly individuals: A national cohort study [J]. Cardiovasc
Diabetol,2024,23(1):304.

DING L, FU B,ZHANG H, et al. The impact of triglyceride
glucose-body mass index on all-cause and cardiovascular
mortality in elderly patients with diabetes mellitus: Evidence
from NHANES 2007-2016 [J]. BMC Geriatr, 2024, 24
(1):356.

WANG L, LI Z, QIU R, et al. Triglyceride glucose index-
body mass index as a predictor of coronary artery disease
severity in patients with H-type hypertension across different
glucose metabolic states [J]. Diabetol Metab Syndr, 2025,
17(1):15.

LI W, SHEN C, KONG W, et al. Association between the
index and future

triglyceride  glucose-body  mass

cardiovascular  disease risk in a population with
Cardiovascular-Kidney-Metabolic syndrome stage 0-3: A
nationwide prospective cohort study[J]. Cardiovasc Diabetol,
2024,23(1):292.

ZHANG Q, XIAO S, JIAO X, et al. The triglyceride-glucose
index is a predictor for cardiovascular and all-cause mortality
in CVD patients with diabetes or pre-diabetes: Evidence from
NHANES 2001-2018 [J]. Cardiovasc Diabetol, 2023, 22
(1):279.

[(RfEHE E&]

- 181 -



