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Abstract

Objective: This study aims to explore the medication and compatibility rules of traditional Chi-
nese medicine (TCM) compound interventions for heart failure through data mining, providing
reference for the treatment of heart failure and the development of new TCM formulations. Me-
thods: The patent data on TCM compound interventions for heart failure were collected from the
patent database of the State Intellectual Property Office of China (http://epub.cnipa.gov.cn/)
through browser search. The data were then cleaned using Excel 2021 and SPSS 27.0. Various
analyses, such as syndrome differentiation, medication frequency, and clustering, were con-
ducted. IBM SPSS Modeler 18.0 was used for Apriori association rule analysis. Results: A total of
243 TCM compound patents for the treatment of heart failure, which met the criteria from Sep-
tember 10, 1985, to March 10, 2023, were included. These patents involved 482 types of Chinese
herbs. The most common syndrome was Qi deficiency and blood stasis (55 cases, 22.63%). The
frequently used drugs were Astragalus membranaceus (129 times, 50.09%), Salvia miltiorrhiza
(108 times, 44.44%), and Poria cocos (89 times, 36.63%). The TCM categories in the patented
prescriptions mainly included tonifying deficiency medicine, activating blood and resolving sta-
sis medicine, and diuretic medicine. Clustering analysis identified six combinations of drugs.
The association rule analysis obtained a total of 24 results, including 14 drug-drug combina-
tions and 10 principal drug combinations. Commonly used drug-drug combinations were Salvia
miltiorrhiza and Astragalus membranaceus (support 44.44%, confidence 68.52%), and Poria
cocos and Astragalus membranaceus (support 36.21%, confidence 64.77%). Commonly used
principal drug combinations were Glycyrrhiza uralensis, Astragalus membranaceus, and Salvia
miltiorrhiza (support 20.58%, confidence 60.00%), and Atractylodes macrocephala, Astragalus
membranaceus, and Poria cocos (support 18.93%, confidence 65.22%). Conclusion: The basic
pathogenesis of heart failure is Qi and blood deficiency and blood stasis. The clinical treatment
mainly focuses on tonifying Qi and blood, nourishing Yin and warming Yang, and activating
blood and resolving stasis. The medication is mainly aimed at supplementing deficiency, acti-
vating blood circulation, eliminating stasis, promoting diuresis, and resolving phlegm, which is
consistent with the clinical treatment of heart failure. This study provides reference for the de-
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velopment of new TCM formulations for the treatment of heart failure by analyzing the medica-
tion and compatibility rules of TCM compound interventions for heart failure through data
mining techniques.
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1. 518

{0 J) 5 v (Heartfailure, HF) /2 BT 28 78 4 (FH) B IfL D R 5240 B 5 800 — P 82 A I PR 25 G AE[ 1],
HF 55 ¢ i DL DR DR O LT RERRRS . Witk o A7 sk PRSI 5 A 2 o TS L OB AN O PR BP9 28 A
SO EEFIAR 5 5 ] Bl R B 0 F1 g (2] I LAER, RE 35~74 5 KA N0 F I I IR RN
0.9%, >IN 30 K. 1. 5 FRHMILERSHIN 10.4%. 22%. 42.3% [3]. HECKYL, EHxoJ13Es
VAT, PR b 32 B I 5K R AL B ) 79 (ACED) M XK 2 11 S2ARFEH7(ARB)- B 524K BHME 7 o
F PR B MY 5K 7% 254, Horb, ACEI K254t HF {7 I 1254, B THAEERESELZHA
R, B %25 17 A S B AR I 32 B e E S [4]. AR RPEF 257 k. R
2t — 7 Nk 2 Fh O RS 69T HF BT RUE 2, [FIRAS B S AT [5] [6] [7] [8], HIRE Z 2y
7 CAESIYSESS SRS 2 5 T IE SN T HF IS A R I R I35 TS E R TR,
WIMRTTE SMH%E[9] [10] [11]. AR HERZI AR, IRAFIHT 258779 HF 1 H 2
R A, CAIRIKR b HF (238 RO SRR sR 258107 AT R R s 25 % .

2. ‘N EH*E
2.1. SRKIR

T AR EN A E E R EIRFERUR 7 (http://epub.sipo.gov.en/) & R E i 22 S 7R Z A I 3L e
PAW” IR H PRIGERE “ BRI R 5 CREAT , MERIGESR “SCAR” P
CRARRT BLCPRER” o FE CSCAR” GERIIRLL “U0 3k AND HZ)7 “u0 JiaEE AND IR 0 )3
AND Hi%57 ,  “iJiaEvs AND 257, 1810 )35 AND 257 1810 )32 AND IR “18
PR 135 AND R 257, “18 10 7320 AND Hi257 , “a00%E AND H125” “0%E AND HIER” “0%E
AND H124§” ,  “.0%E AND Hi2§” NoCHERTA SR R, I RFEAR B EAT RN . KR BS
FEA 1985 4£ 9 10 £ 2023 43 /10 H.

2.2. INSHEBRERHE
2.2.1. PNFRE

© EZRARBUR L REHE (LR “BdRE” )R AMIAIRIGTT HFE 2 LR, FIRUARR,
wn “—FRIT 0 IR R AHAEY” @ B EIRIT HE SR 2RI A8 T R ® TR4
RS <013 ” F0E, HERPEEHMIENERN HF FIEFR. 1 “—MiasT dom iR 2 4E
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2.2.2. HiBRARAE

@© HFn P ARRIT HE MER; @ Bl ErhERE Ny HRE IGITRISNHER; O thei 5y yiR &
R B APE 258 EE M MR FR T @ Bl IO E 00 DR il B B ARG LR © LR
LR IBLNT 2 BRI

2.3. BIEMEEALE

MRHE 2020 EfR (PEZGH) [12] (BURRIFR “25t7 ), (PR [13] (BURRIFR “A%” )X Excel
REERIN PRI LWL, DLZGar A i, A2 Ttdy, WA HE, ey, NRE
B4, W CmET G0y CRET N SO ORI A R, AT g0 “HIe7 A,
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Figure 1. Flowchart of patent screening process
E 1. ZRFERIEE
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2.4.2. BUESHT
iz Excel 2021. SPSS 27.0 X Hd ik ATiE Ve, BB o8 I BUE TR . 255K, BRE L Fh
3Hr. FHEFH 1BM SPSS Modeler 18.0 X #3247 Apriori S<BEER I 23 #7 o

3. &R
3.1. EFLBIERIH

T IS 2R I SRR LR R A AT A W HE A AR S R IUH 3L 1761 T IR HEBR AR AEHE
BRAGHELR, ik 5 SR A TR s 292 T BEJS RGN ES TR, REVIXKEE)S
LRHHE 247 T ARG (PRI (AEARRD) BHMTZAINE, REMEEAMERNAE: 25
IR LR 2T R A SR EE LR, RENFF O bR r) L R0 £ 3t 243 . LR A
BN ] 2% P 9 i &2 2023 423 A 10 Ho 5% 1 fivw.

3.2. EIRIERSH

g0 132 UL 45 61297 T R IR (2018 fR) [14] (BARFREFILIN), H 243 TiLF G 1E
5539 9 Fly, AFESEMFSIE . BHA 7 M2 MUFE . B PIRE ML IE . ZKAGIE - AKER IS AKARGIE - 7Kg
OVl ZRARE ~ IR K. AKURGIE - PHEEZKIZ B - IREE . EUE - . HERRT 5 AL AiERS 73 71
SRR IR IE (22.63%) « U BH PR R LI (20.99%)  BFHA 5 e LR (17.28%)  ZKAKIIE ~ BH 27K 72 (14.81%)
il - EE(10.29%), 45504 1.

Table 1. 243 Patentso traditional Chinese medicine for chronic heart failure

= 1 243 AR R M D W RIBEP A EF E 5 EIRIER

5 TEAB BRI B
1 AR MFIIE 55 22.63%
2 AU R R LR 51 20.99%
3 FHA M AR 42 17.28%
4 IKEAE - BH R KEZ 36 14.81%
5 EMIE - KR 25 10.29%
6 IKERAE - KR IS 15 6.17%
7 PRUAIE - R 7 2.88%
8 IKERAIE - JELRE 7K i 6 2.47%
9 IRAKAIE = 7K o fili 6 2.47%

3.3. AZSR T

243 N ITAE 482 Wk, EREZRI—ADNEITE 5L IRES, BRI 2 BRZ, IR ALl A
T 2667 K%, FAEHAYPESIEA 10.98 MR 2y . o, i FARYGE B B0 20 K2t
A28 B, (HEERSIRI 51.01%. (AR 10 M2 R, 5. K% BEL .
BT MR 24 BARMAS. EIEgINE BiE Wk 2. 0 T F ARG B80T 20 IZ, &
NI4T T RSB AT, RIUKNEZG . 3% AR 20 R KB IR 26 2 1 R AR FE 2 00 = /R 25285, Bk
i 3 for.
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Table 2. High-frequency Chinese herbal compound patents for regulating chronic heart failure in 243 cases (Frequency > 20)
= 2. 243 LR D HRBERHE H EFSIMAIBR > 20)

5 EREIEA i BRI K s W22 FR NN Ik
1 I 129 53.09% 15 P 38 15.64%
2 F& 108 44.44% 16 AN 36 14.81%
3 s 89 36.63% 17 =t 34 13.99%
4 i 76 31.28% 18 W5 32 13.17%
5 b7 73 30.04% 19 1A% 32 13.17%
6 BT 67 2757% 20 HFE 27 11.11%
7 G253 66 27.16% 21 R 25 10.29%
8 FA 65 26.75% 22 Sh5] 24 9.88%
9 SFN 64 26.34% 23 +#% 23 9.47%
10 ANZ 62 25.51% 24 P 22 9.05%
11 JIE 56 23.05% 25 A= 21 8.64%
12 V| 49 20.16% 26 AN 20 8.23%
13 FR T 46 18.93% 27 Hh 20 8.23%
14 FRA 38 15.64% 28 Fifi bk 20 8.23%

Table 3. Analysis of high-frequency drug efficacy categories (Frequency > 20)
= 3. ST ST (BIUR > 20)

Fe5 255 24 AR LIS
. W, HE. 24, AR, AS. HA,
1 RE 2 o o T T 580 21.75%
i BB, AB. LR, (4. M g
2 T MR 2 &, NE. afe. S, B 246 9.23%
3 FKBIRZ WRE. Fi5 127 4.77%
4 RHZY T T2 96 3.60%
5 AU 10T 245 EP . hEek 87 3.27%
6 W 24 FWRTF. 2R 68 2.55%
7 R 24 FER: 66 2.47%
8 BN ARAGL g 58 2.18%
9 1125 =t 34 1.28%
3.4. BSOS

BBV 1 Excel Bdat i@ v 25 58I Wi B f5 5\ IBM SPSS Statistics 27.0 #f4-H1, SK FH 4 1A1 B4z
W73, X AT T, TEHERR IR S, SIS RIL 6 26 B 1 8 AL AT
R AR W, ZH T BB AN RS 228 AL afe. BMEL INE, i 58 32K
Fr&. FE. M A% b, MR B 5 HE. TE T AS: ek EEE. A
HRE. ZREE, VR 2.
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Figure 2. Dendrogram of drug clustering analysis

B 2. ZRESRRE

3.5. KEXHN 47

3.5.1. ZIREEHN
I BE 5 1) Excel HHf #4  Hh 24 SR A A B 5 N IBM SPSS Modeler18.0 i+, FRATTRH
Apriori 5%, 0 EATUZ O 25T SRR S BT, WG SR B e AR T4 T 15%, YIREBEE R EN
KTEET >60%, #4732 BRI 25 K 0L “ B0 — 5 007 T QR R, 32 6 SRR FE 42 M i BIMRAR CHET -
HIANTEK AT BGE N 1, FTLMF BRI 16 (M HE), TEHAE 4. SR B RENHHEG T
XRER A G AT S - HECRER 44.44%, B SFEN 68.52%).
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Table 4. Bivariate association analysis of Chinese herbal compound patents for the treatment of chronic heart failure

= 4. PHEFEFRTEEONRBEAMRE M oR

Jr A0 J 15 XFEE% BEEE%
1 VAR HE 44.44 68.52
2 RE g 36.21 64.77
3 HE HE 30.86 66.67
4 By B 29.63 62.50
5 T HE 2757 76.12
6 F4 B 26.75 60.00
7 LE5 B 26.34 70.31
8 FIAR R% 25.93 66.67
9 SFN WK 25.93 73.02
10 & HE 23.05 62.50
11 ELE| WK 20.16 77.55
12 AT F 4 18.93 67.39
13 AT HE 18.93 60.87
14 e F+z 15.64 65.79
15 VS W 15.64 76.32
16 TRAT WK 15.64 65.79

3.5.2. KECHM
RONHTECBOE Ty 2 I, A58 =IO 11 k(LG E), PENE 5. AAA G SRR
NHE - W - FFSCCRE N 20.58%, B A5 60.00%).

Table 5. Tertiary analysis of the association of Chinese herbal compound patents for the treatment of chronic heart failure in
medicinal formulations

= 5. PHEFEFRTEE O NRBEAMREK =M IR

i I JE I SCREPE% BIEE%
1 HE + K Ft2 20.58 60.00
2 AR + HE TR% 18.93 65.22
3 A + K F+& 18.52 66.67
4 HAR + K% B 17.28 71.43
5 wE + = B 17.28 78.57
6 BT+ R HAR 16.46 60.00
7 BT+ R B 16.46 75.00
8 FLA + WK Ft2 16.05 66.67
9 HE + A= B 16.05 76.92
10 HHE + R BA 15.23 62.16
11 HE + K% HE 15.23 75.68
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4. ¥1ig

TE R RS 400, O )0 JR O R B P 03, ARG . BIEF . B2, 57N
AeIi[15]. FHEEIN R 8 KEZMHRER R FECO B b B BT R80T 2 O3 R 1 i
FERHL. L IR AR O F T VIR 9 B, A BIDNAUR ILFAE . FHA T REIMFSIE. S H
REMLIFAUE « KPRAE - AR A . AKEE - KBz iy ZKAKGIE - BRI ZKAGIE - BHREZKIZ S SIE -
JHLRE . BEIIE - e . FRATTIR I IR A wT 0, B R e UL 3 MR 2 i) 2 SRR LA IE (22.63%)
P R I J75AIE (20.99%) A1 BH R, 5 B2 I HIE (17.28%)

K FIRAAFRIN) 243 NEITATE 482 Wk 2, WmE AR —AEJiA 51 k%, &M 2 k4,
X R R A T 2667 Ykrb2h, BEANE YT S 10.98 Rl 2y . Herb, i B GE B Bl
it 20 RAZGHIILAE 28 B, 5 EAE IR AN 51.01%. {8 AR B (0 5 M2 Bl R BT L RS K%
HE, 7. HEERNMTY, P2 N7 BEERAET . HEEDNEFENTHE &
PR AAEFR ST MREIAL I TR R[16], 2B A 1 2 2 A 3G 5 O L 4 e A0 UL
Mt - W AR AR IR I B FIL o XA 75 38 B A 8B T st B iR B LPE T, AT RE o Dy e = AR
TREFROEM. A, BRIERER X CHE KO\ IIHIER, Mifises 70368 ok,
FRIE T DL SRR A E AL ), B A LT[ 17], A3 R RO 13 . (RR AR L) [18]
HILERFE S “ RO “EEAME” , @rlLL B, BRI CIou, R, 12T AR
S IESE, AT M R O R AR s IRYE IR B T R, PES I A B, R
- MR TR RG(RAS)LIEZCLNUAE S 5 ENUH], BEmimez O AR R H RO IL[19] . BSE5EEA P}
ZHMEE HF KR ADIIREAN S, BRI A N [20], 38 BT JOA 7 O J1 238 1 H 1 . IRE B FIKIBHE
i, T MG EIER, 2—FE M. ET VA BRI KM IR D . BIRBE R DA, i
PERAREAER . AL I FUR B [21], TR IR ARt 30 G 2 8 5 i O VLB MO T2, AT A HERT O LR
FHIEH . teoh, IREZHHERAGRIRIEN, RRHRER KRR . PAESORIRZEAE N R R, AMUA
Gz g, R AP B S R . HREEAAMNEES . ERMEE. R0, 220k
Thsk, AT FERIT OSAR R O BREE SR . MR IR 25 B 78 \on[22], H o (1 R R A 3
B2 By SO R A R T LA FH AL AT R85 02 3k o JI 40 A 18] 1) 25 -7 s« 10 E 48
PE. WSRPTENER SR . HEEREAARKRMN/N 5 T2 58008, FIERRL B R R8T 2
M. BT EA FIBHROE . #MKBIBH BRI 75 (REILE ) [23]94, MF#fcon “Than
257, BCHRIETT PH AR BRI E AR I R 2 . A R S R B, TR O B R R 3
RE R . AL FRA[23], M RRKEPER 2 7] LA & Ca2+-ATP Bl Na, K-ATP R
TEPE, FFOCE O R R . IX SR LA Rt PRI T T B A, NI B TG
PRELE 7S FF . SCIRIEWIIN T R8T HF KRB ONET4itk, #9598 7 OBEShaE, KT
3% HF bR E(BMP) /K-, Jew] LABG N, PRI R 7y, Xk, bk RO a0 e A B 2 1
s [24] 6

T EARZIE AN AT, FRATRT DUR BN R 25 T LA 575 2 RN R /KI5 108 24 2 156 AU Bt e 1) = 2K 2
Y. X5 @ik O 23 AR T = A 29 B A 2 — 2. o, FMNE 25 A 579 ik, b
B0 21.7%; 5 MALFRZG A AN 246 Ik, B 9.23%; FIZKIBIR 25 KM RN 127 Wk, SR
B 4.77%. EAMNEZWA T, DIANVSZG . AMILZGRIRNE 2500 32 IX s T AN 2GR O 1 IR T
MG E BN G, BUARER S0 50 R R 2R R T O I m B R R T R R ), R
5 AYE AT 2 R AIB IR 2 o X R FH 7 2U0T DU 38OyA 7O J1 38 sl N, DN IR S 1R L35 .
DA b — BB AT 5 5, VR O ) e T de it T — A R TR R
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ASCHIE B JE ) Excel £d T #8 th 25 3R KA FERE , IR 20 0 3\ IBM SPSS Statistics 27.0 %k
PEREAT 8o SR FH 2RV IRCEE 6 77 3% i 2530 AT TR0, FERR SRR 25 1538 T 6 NMRIBUASE,
A W1 EFLL CHRT. RE. AR EIG. BT BEL RN S, DAMEZANE, Wi
RSN NOX R E b, ATAMEAE BKEOE 38 R Uit ok, BisE T8 s 3R M.
S A K, FRAMBGE, JEE ARG, AEERE 2, B A RN 0 ) B RS
REMFIEE . B 2 2K ZIH. 8. B NS, w3, DUSMAbRZs T, Wz, ERZ A N
XRAE T, ATERRL Uizt 8miok, &0 3 My, A #5380 77 38 8 v A< kg I
FOEE . 3K S, B N, ZAAEE T SIE AL A, FEAIRREM, R
Mt R, Z4E RS T ORI - R AGE . R 42K = BB, EAAE
=G HE TR e, A BRI MRS, 2 A ORIV AR 2 B, & 0 J i e
5% HE, T, WP AS, OFAMELMERZ; WXRGWAE T, TOENEINASE
kiR, &4 EIHROY . fAEN, EREHEM, SOAINEZIE, & TGO AT E
MFSIEHE R 6 2. BEE. AMFIE. W, ZMAAHE PR EENNE BE TANR 2R g, B
AANEEBHRITh AL, LSRR S, =26 FIE A T 0 ) 3 v i B ST R ILRAE 3 R U b T A
HIEPRISYT O ) 2238 1) B R 07 T H DA s AU, SR PH 3% A ez

SETF 250 B SR B A0 T, IR I 16 AR AE R, BoRERE T TPE AN AE S - EmiK. R
F-owi, HE-ER, M- w8, 207 - mR%, HEENEXHERENAE: s - '
B (44.44%), EESSHEAL, — AT BRI, B — )7 IR AR RE1bm
o WRIWPACLHBL AW R o, % O B A W S (0 e o0 J B Ve L LI A 206 R B ik 24 4 P i)
FONEE . BRILZ AL, AT DS R A% O 29 AT = B SR b, A R R BAE E L
MAMAHEH: KE -2 -HEK, HE - - K, - K% - 1%, HhEEEERSNEA
WA RNIRE - PS5 - B (78.57%), H UL T A3 H 38 B R PE S Bk v 26 76 L R B2 7 1897 /0 J 3 i o
W ZHAL, PN EARZERIKIBIR . Tolae i, (@I, TAbaR L, W MRS 0 [E I, SO BE AR K o
02T XX, MAFEARERIGIKE A Ha, A2 b S, WA IS e,
AT O NS SMIER, W ‘PSS - BT AAHUE, ER TR MBSERLG S, 9K
X - WAEFUKSHEIE, EHTKIKIE - HEAZIER O 3EE; “RE -5 -7 4
A RKIE ML ANSTEBH, & IETT K GIE - BH R /K2 B08H A7 i MR8 E 20 J) 38 v R 2459 “ B
- PS5 - W7 HETBIE R FNEIE I, B OIE - B IR Y B OIE - 5 IR ) 2 v )R
2. TR Z R AP EEAREIR IR, DUHHE IR ARTEE, DL Zisek. MEaE. LR OB R
W, WS AREMH. RERM, JFEMRAGMMER, MEZWRPANENESE. HEN
T 5 Rz, SRS, BE AR E R R BN VE 7RI R R FH 2 ek 2 3 Rz )
L0 e R 24 46 Y BB o . 3 [25] [26] .

gL LRTiR, AW AFMHER ERERE, RABERZIAE, A TIRTT O )12 H MR
SHZIA RS DR OCER . G5 R, JRY7 O 138 1 BRI 75 & s ja 7 AR MFSE. FHAS
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