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P AN IE AR, BRI IR I 2 42
REAS AT 20k /b v 5 Al 2 25 Wl R A BIVE T . e
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(K-nearest neighbor, KNN) 732858 1k | 37 5 1] 1 #L
(support vector machine, SVM) | 5 & 32 3% e 5% 4
(gradient boosting decision tree, GBDT) . DI -1 [%
#% (bayesian network , BN) \#2#5 [1] 9 (logistic regres-
sion, LR) o KNN X 22 45 51 Joy SRl S AURK, i
SVM 45 WU 55 R Sz e HC 42 Jy R AIE , 78 Hh B2 25 KB
FZIAAEYE B A Tz S B
M 2% (convolutional neural network , CNN)/E A — Fif
N AR 2%, AT Lol I — s 0 Pl A ) ] Bl 2
2, 0T ABHE 1 Z 4R S5 A A 3EAT A R B,
[ I AR 2650 R A T 2 A 28 ) 26 5 2% ) S 40
A BN G BE A T RRAE AL B

PRI, A T F 1 580 A ST BT ALK
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A Crip ) 24 ) 1 S [ [ 5 1% 2 PR A A =
2 F 876 (medical subject headings, MeSH) 52 i T
T2k I RS W R AL , ST BRI . BRI
T RE, i 24 BAT 15 4R DL Ei2Y7 50 i e SRR
B AT o Ao
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R BICAH ] R AH DG AT 5T T B A LS SR Ak
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R R R T 02 HEFERT 051
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1.2.2 MEHEFBRIFL TR
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K B 3% 3 T TensorFlow (version 2.5.0) ¥4 7
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SRR

BRI 25 F 5 28 45 8 T NVIDIA GeForce
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1.41 HiEWE
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Hh PR I I H S TR AR 10 6 G 55 PR RN R XU
B, P48 F Uniport B8 P 7204 7500 LY
1.4.2 LMK

W v I A DG DR 2l R N A
STRING"'"™F- 511 Homo sapiens Z38 2 , ) FH H: A5
BRI O T AN SCRRAZ A S 2 B TR A
JAREAE AT, S 28 1 -2 BRI R 45
1.5 HHABAKHKITEMR

W LS FURCHE Y rh 25 AT 5 e I ) SR
FEBEGEAT R AL PPN AN 5] C AL I DR S B A A= ik
v B L 0 B DI B, 5 PP 27 > R AL
B BUHATIC B3
1.5.1  BfERYIEAREXETFH

SPEA LS S 2 R 2 AR DG, ST
I Ak T FP BRI HEUX 20 BC AL 24 4 1) 1o HARBCREL R
THEE 24 ) A BR R 15 K] AL R AT 2524
FIVEMN AR B4 A CNNAEHY , DU ) 25 75 1 1] 1Y
.30 H A5 B (pointwise mutual information, PMI) {H
VE R o3 SbR it e PEAN B AT TR I PR B v BC (TR
AT

H 52 BE ML UE £ (random walk with restart,
RWR) 53581 43 B 8 11 B AH B4 FH 9 2% (pro-
tein—protein interaction network , PPIN) , ATEMy H1 24
BCATL 5 AT 5 0 I AR OC AR W) R i IR P AR B . A
W 5 1€ Python (version 3.8.10) H{ii FH pyrwr £ (ver-
sion 1.0.0) , LA PPIN A (19 5 Ifil He AH S 3 AR S if -1
TR BOE H R R 0.75, #E4T RWR T,
13 BTG E Y RO SR T B AL ECATL A= 1 ) 2%
[T, [FEEE RIE T (version 3.6.3) i ] GOS-
emSim 1 (version 2.12.1) , L) BioConductor & 7 B
Bl , 2517 GO 1 SCARALL 1 B 5 (the semantic com-
parison of gene ontology annotations, GoSim )™, ]
TP b 24 5 i U H AR DGR ) R R R
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R 1& 5 (version 3.6.3) 1 {#i il kknn (version 1.3.1),
el071 (version 1.7-8) , gbm (version 2.1.8) il klaR
(version 0.6-15)41, Lhllf PRAH CHEPEMN (5 S F12E D)
PN E BAE 5 A (S B, 53 KNN SVM,
GBRT .Bayes fll LG BRI k. My Bjj 1A AL U5,
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S BT 5 AR A 04 e 0L 40 3 a0, L e A
RI%TT
1.6 BEBREESH

Xof ML A A5E R Bf E  A SRCATLAR B AT 2 T
JUR[53 A 1) KEGG & 853 Hr i GO & 57017, L org.
Hs.eg.db(version 3.10.0) MR F R K T ik
FH: , 4 72 ] False Discovery Rate (FDR) k75 1 ¢
B Fn & 3t Benjamini—Hochberg (BH)#® 1EJ5 1 P1H
(adjust P)¥J/NTF 0.05 15 Ay fifi 2 [ (", i clus-
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3.6.3) . )2 B (hierarchical cluster-
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B (38.9%)
W3 (238%)
B4 (12.59%)
5 (10.76%)
W2 (1007%)
Mo (3.89%)

K3 TR BCIR 25 At A o3

222 CNNRGHE S A [T 30 (BRI A A

NI E S E=N 2 AT K| B

WA B — ;ﬂ“@f Sy M| A bEp — gfg”“if e M
K4 F+& 24.45 20.45 10 2 KR 24.28 16.07 6
NS e 14.02 7.40 10 4 Jigg BV 14.02 20.46 6
Z5 = 19.28 14.66 10 EE] & 16.20 20.45 6
BB Fig A, 23.90 26.59 10 Bl EviE] 23.90 12.24 6

JIBEF FEHEAR 10.15 24.84 10 EE A4 19.28 14.60 6
g (557 14.02 10.79 10 Bl Ji= 23.90 14.66 6
AT KK 16.20 16.07 10 e Ji= 26.62 14.66 6
EE & 19.28 20.45 8 K4 Hw 24.45 7.40 6
Ff FRAA~ 24.28 26.59 8 JIBET FRAA 10.15 26.59 6
Ly S SE 2R 14.02 24.84 8 @ H FRAA~ 21.10 26.59 6
K4 fik4: 24.45 14.60 8 VAL KR 23.96 16.07 6
AT V| 16.20 12.24 8 4 AF 14.02 7.50 6

) B+ AW 10.15 20.46 8 el JEHI R 15.04 24.84 6
FAS k= 16.20 14.66 8 AT A4 16.20 14.60 4
LR FRAA~ 23.96 26.59 8 Bl & 23.90 20.45 4

2.4 PPIN s R E B A IR k18 200 22 F AL,

DRSS A R N GSE24752 B dln R v i i AR i il HS R IRAAAE AR DG BE R 3404, i 2588 i
LINC01420. MIER3. MSRB2. MYSM1. TMEM43 . 4634 4>, X BE R 5 5 A STRING i dia /e
PIPAK2A Z5 2 AN LR R F IR, I 5 HAL R 760 8 3188 AN A5 Ml 23333 2530 Y 25 1 B AH
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HAER M 4o dF— 28 X% S AT B AL E A
(RWR) 15, 15 51 143 21 v 245 T (/) R B B i
BRI A, N R, -2 &
AN AL 1 BOE R dR A, R W AT AE = I s
A= W I 28 v R RS AE RS
2.5 BARBPHHEREITEN
251 1RBIMERE
W& 4 7R KNN SRR B 43, ROC 4 F

i #1(Area Under the Receiver Operating Character-
istic Curve, AUC) 4 93.5%, /F A X} #& , GBDT .SVM
LR A9 AUCAE 3 )M 87.6% . 73.3% .66.3% , Bayes
MR e 2%, AUCTEAUN 51.3% , 3 W KNN 55 R fig
A A B AR , BIE T AR I R A 5 o0
G S T X Co

1.0} |

0.6 -

LA

KNNHRIBAUC =0.935
SVMAEAI AJAUC=0.733
GBDT#HiAI [ AUC=0.876
BayestHifl flAUC=0.513
ok LRI HAUC=0.663

1 1 1 | | |
1.0 0.8 0.6 0.4 0.2 0
B PRk A

0.2

14 KNN.SVM.GBDT . Bayes Fl LR () ROC £k

252 BHEIATHIE

BB =23 i, KNN B 2400 e fE , A i
He AR L A5 ) TR XA AL S At 11 Bk
2511 8T DX ARG R , A&l 5 7R , 76 KNN A5
WZEA P2 AR IR S 4 R IE T
Z DB Y . BRI 1 B R T 1)
AL HE G B 2% RIAMIE B RE S bl j% 9 45 T
MAEFHFLS-)IE X512 1R -2 1A -
KIR RE-+Z B B s 4 -2 &, -
PR~ b — 2R B — A 8 2% 5 W e

T R 0 58 B R WAL 2% ST AR 1 0 ok A O AL R
5 KNN AL 58 Y b 24 e (16 5

R E ] ViR N VR € R L7 2

(7 ERk, A P SR I R D) % P {245 R0 8 3 IR Y
FAOGAE BEAT AL, (A BRI RE 20 TE T e AR R A
fibo W3 PR, AR CEHAT IS CRRR R A7 22
BEXTRZ S SR By A6 IROPR I 2 A 1 I s R ULAE

3 SRR S

LRE] FEAR SRR PETHE
A %5 0.206 1.781
A i 0.206 1.781
= %5 0.233 1.471
g IR 2 0.205 1.412
B4 AR 0.203 1.310
[ PN 0.242 1.309
= S i 0.232 1.289
PN e il 0.236 1.286
JEH R AR 0.205 1.284
Jeg PN 0.287 1.252
fa WIRM % 0.287 1.252
PR b 1% 0.374 1.243
A AT 0.374 1.243
it Uik 0.342 1.230
JIr Uik 0.342 1.230
B ERI 0.250 1.228
A S i 0.226 1.199
FEA I 0.219 1.199
San Ui ERI 0.256 1.196
1% NS 0.203 1.175
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Mo O KIP JRHR A TFVE AR LA IERER AT 4
BB P FS A R B 259
2.6 RAHIIEITHEIE

WE 6 i, KEGG & 43 B 73 w4 3L
BOR T DU 57 B A% Ol 6, ST 24 5 Y
KZM M, HCT ¥ 2oy S (R 4) , Hp KL,
K2 K3 417 50 {7 5 38 AT 2 i A D e SR 4L
f04% - NF-«B {55 53 #% \MAPK {55 53 % . TNF {5 5
P CHIF-115 530 % Ras {5 500 PR 45, 58 ME40

|
B E MM
B RO

L PR 355 e L R S B A A 28 U AH O 5 AH DG B
W X 2 P 254038 KL 4P R & &K% 1T
T KA AR E K34 H &
OB P 254045 K1 X AYSE S & AL R4 K3
X FHS HEAS EEMT . 2R B RS X3 T A fa] 4%
B P E A TNF-o IL-1B  TL-6 25 48 P A -3 1
SRAM T NF—wB {5 518 8% 19 o JE 300G, i — 2 4l
T4 P A L PR 3 ) e M N . AR X 4R
i 2 YR U2 % L K 12045 K3 A TR Xz B

Mitophagy - animal
Lipid and atherosclerosis
Fluid shear stress and atherosclerosis

Cell cycle

Th17 cell differentiation

FoxO signaling pathway

Thyroid hormone signaling pathway

p53 signaling pathway

Cellular senescence

AMPK signaling pathway

Adipocytokine signaling pathway

Insulin resistance

mTOR signaling pathway

Fc epsilon RI signaling pathway

Chemokine signaling pathway

Growth hormone synthesis, secretion and action
HIF-1 signaling pathway

ErbB signaling pathway

PI3K-Akt signaling pathway

JAK-STAT signaling pathway

Ras signaling pathway

Parathyroid hormone synthesis, secretion and action

Necroptosis

Focal adhesion

Phospholipase D signaling pathway

Signaling pathways regulating pluripotency of stem cells
Melanogenesis

Regulation of actin cytoskeleton

Neutrophil extracellular trap formation

Rap1 signaling pathway

VEGEF signaling pathway

GnRH signaling pathway

Antigen processing and presentation
Fc gamma R-mediated phagocytosis
TGF-beta signaling pathway

Leukocyte transendothelial migration

Viral protein interaction with cytokine and cytokine receptor
Cytokine—cytokine receptor interaction
Autophagy - other

Circadian rhythm
Ribosome
RNA degradation

Type Il diabetes mellitus
Hippo signaling pathway
Cholinergic synapse
GnRH secretion

NOD-like receptor signaling pathway 4
IL-17 signaling pathway

Toll-like receptor signaling pathway

TNF signaling pathway 2
NF-kappa B signaling pathway

RIG-I-like receptor signaling pathway

Th1 and Th2 cell differentiation 0
Apoptosis

B cell receptor signaling pathway

MAPK signaling pathway =2
T cell receptor signaling pathway

Neurotrophin signaling pathway

cAMP signaling pathway -4
Whnt signaling pathway

AGE-RAGE signaling pathway in diabetic complications

| Insulin signaling pathway

cGMP-PKG signaling pathway
Oxidative phosphorylation

6 I KEGG 2 i
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F 4 2 BGLLALF S KEGG 38 B i 4041

izl

BGLL A

KEGG i i

2l

BGLL#L 4]

KEGG i %

E53
ERUiE|
R
AR}
FIAY
Epieis
fib 4
Kk
SEH R
1=
A~

BN = W L W L = = R e

K3
K3
K1
K5
K2
K4
K1
K4
K1
K3
K4

HE
N#
faf
S
KA
zZ
22
kT
i
ezl
L

[ R e = R Y

K3
K2
K4
K3
K1
K1
K1
K1
K1
K1
K4

LA Z i 25 fE R 5 28 IR R AR o1 Gt g A
Kl KA 2 E A . K 4R RR R AR R AR Y
HAH G s A B A . BLAh, 7 KNN A58 A i
PAZ0) 8T ARy Xf v, 7E HCT 4325 BGLL L]
A HE A 22 57 (P=0.73) , ilE— 25 3 B KNN A5 7Y i

TEAE T BC A1 ARG PRAFAE R A D RFE

WK 7(a) s, GO & B, SR XA B
AT 590N F g R K E RS A
BF, i 7 (h) FE 7 (e) firs , B A 25 78 AN 6] b 2
FE A PN 5 I A G 3 PR AR GO 45 i) 3 B i

nuclear replication fork
mitochondrial inner membrane
chromosome, centromeric region
Sm-like protein family complex
small nuclear ribonucleoprotein complex
spliceosomal snRNP complex
condensed nuclear chromosome 1

ribosomal subunit

cytosolic ribosome

protein kinase complex

U2-type spliceosomal complex
serine/threonine protein kinase complex
precatalytic spliceosome

U2-type precatalytic spliceosome
ribosome

spliceosomal complex

replication fork

cell-substrate junction

cell-substrate adherens junction

focal adhesion

RNA polymerase complex

DNA-directed RNA polymerase complex
nuclear DNA-directed RNA polymerase complex
transcription factor complex

condensed chromosome

protein-DNA complex

nuclear chromosome, telomeric region
spindle

cytosolic part

nuclear chromatin
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The study on the formula characteristics of Zhengan Xifeng
decoction in the treatment of hypertension based on machine
learning models
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Abstract The high prevalence of hypertension and its wide range of complications have made it a significant risk factor for
cardiovascular disease mortality. Zhengan xifeng decoction (ZXD) is a classic traditional Chinese medicine prescription used in
the clinical treatment of hypertension. However, there is a lack of systematic analysis of its composition rules and biological
effects. In order to further explore the clinical application characteristics of ZXD in the treatment of hypertension, this study
established a dataset based on the electronic medical records of hypertension patients from the Affiliated Hospital of Shandong
University of Traditional Chinese Medicine from 2011 to 2019. Apriori algorithm was used to quantify the compatibility strength
of the Chinese medicines in ZXD, while convolutional neural networks were employed to quantify the dosage characteristics.
Topological feature analysis of protein interactions was used to examine biological characteristics. The outcome was then input
into k—nearest neighbors, support vector machines, gradient boosting decision trees, Bayesian networks, and logistic regression
models to evaluate the efficacy of each model, reflecting the composition rules and mechanisms of action of ZXD from multiple
dimensions. The results showed that the k—nearest neighbors algorithm performed the best among the five models (AUC=93.5%),
identifying 87 effective combinations, validating the mechanisms by which ZXD regulates cytokines, reduces inflammation, and
corrects metabolic disorders. External testing indicated that this research could be extrapolated to other diseases. This study
demonstrates that the model effectively integrates convolutional neural network data and network topology data, incorporating
dosage information and biological characteristics into the exploration of Chinese medicine combinations. It complements
traditional association rule models and has good general applicability and extrapolation capability, providing an interdisciplinary
research approach for mining multimodal Chinese medicine datasets.

Keywords machine learning; real world data; data mining; zhengan xifeng decoction; hypertension
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