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P(X|Y — y) — ﬁp(x |Y — y) (5) Ja 133 (95.0%) 207 (96.7%)
= ’ [t H 30 (21.4%) 24 (11.2%)
P(y,.)H”LlP(x ; | ¥, (HVD) T 110 (78.6%) 190 (88.8%)
P(y;|x,,%,y,0+,x,,) = - =
P(x,,%,,,X,) TR kg 68.01+£9.56  67.68+12.76
m =1 165.21+6.64 164.54+7.80
P(y,.)l—L_:l P(x, |yj) E'!_l cm + +
- ) (6) R mmHg 138.58+24.01 139.57+19.20
[T PG FFOREE mmHg ~ 78.98+15.07 80.68+12.39
24 GitFEaE M£17E [ (HB) gL! 137.66+17.28 138.87+15.77
fiH SPSS 26.0 SEit =4k, HHEVERHH A
= — kR % p — L 7.0242.36  9.46+47.59
X +5 Fow, THEERHH BB A 4 LR, B (WBC)

RMZRZ AR HE R 35347, L P<0.05 4

1fiL/ N (Pt L!

200.81+54.95 209.96+53.79

ERATIHFES

3 &8

3.1 MR

2O T E SR 354 B EFE DS
SEURAE. AR IR B Bt S 4 R B R O

9 140 1911(39.5%), AEE R 214 51(60.5%).
F2 AOGHTISE

A5 () AL SiitH
(GEZES ST EIBEAW ]
AEHRE % 65.00+12.502 60.55+11.044
T % 104 (74.3%) 108 (50.5%)
z 36 (25.7%) 106 (49.5%)
W S NI 77 (55.0%) 147 (68.7%)
BEAEA, 21 (15.0%) 23 (10.7%)
C
HEWME 42 (30.0%) 44 (20.6%)
RIS H 44 31.4%) 59 (27.6%)
7 96 (68.6%) 155 (72.4%)
T I H 86 (61.4%) 155 (72.4%)
(HBP) ¥ 54 (38.6%) 59 (27.6%)
AR H 30 (21.4%) 79 (36.9%)
(HPA) T 110 (78.6%) 135 (63.1%)
BEPRY H 41 (29.3%) 25 (11.7%)
(DM) ¥ 99 (70.7%) 189 (88.3%)

11 EN(Na) mmol-L'  139.70+2.37 140.58+1.99

IM4H(K) mmol-L"! 4.00£0.35  3.95+0.38
145(Ca) mmol-L"! 2.27+0.12  2.30+0.14
1fILHE(Glu) mmol-L! 6.00£1.96  5.36+1.09
M ALEF(Cr) pmol L™ 83.06+26.13  73.08+20.15
JREA(BUN)  mmol L 6.10£2.09  5.54+1.62
HM=ATG) mmol-L" 1.65£1.15 1.58+1.16
HMHAEFFE(TC)  mmol-L! 457£1.13  4.76x1.10
BEEREA ¥
HHW(HDL) mmol-L 1.23+0.33 1.26+0.32
H Ea
R EREEA ¥
HHW(LDL) mmol-L 2.71+£0.90 2.58+0.80
H Ea
fEERARE .
(TSH) mmol-L 2.78+5.93  2.57+3.43
FEE A4
(LVEF) % 64.56+6.98  66.1+5.85

32 3AEFZHEREHM

Z K B )V 54T Fe i R B o Br etk AR &
ForZAs &, BimiEmm 13 MEBAINER &
SCfd TR, BRER 7 e TR, &
ZINT 7 AEREERY . MR, SRR . b
PRI L MMM . HE . IMALET), 2R Z@ R4
Braf il 3. 3 4 o TRRIR RGN S 2t
BERPE. 48R ER, B 7 IR G SR ZAERIN i
st 70.6%.



60 TR (BT 2022

®3 ZEARBEMPESTER

exp(B)HY 95% i fFIX 1]

AR EL * v 01 AT,
AR E FHRE(B)  FRifEIRZE Wald KiiE P exp(B) — R
SRR 0.042 0.011 13.648 <0.001 1.043 1.020 1.067
ezl 0.750 0.291 6.660 0.010 2.118 1.198 3.744
e IR -0.823 0.271 9.248 0.002 0.439 0.258 0.746
BEPRI 0.823 0.365 5.085 0.024 2278 1.114 4.659
1n4h -0.125 0.061 4.171 0.041 0.882 0.782 0.995
A 0.200 0.100 3.970 0.046 1.222 1.003 1.487
MLET 0.015 0.007 5.061 0.024 1.015 1.002 1.028
x4 EFERERER
B 5 T SRIE
1 FEifZ% TR/ %
1 0 214 0 100.0 60.5
1 140 0 0
2 0 167 47 78.0 63.8
1 81 59 42.1 ‘
3 ? 1;2 2: i?i 66.1 02f (b) ¥Rz DLt
! 0 17 3 83.6 709 Oof 02 04 06 08 10
1 68 72 51.4 145
5 0o 179 35 83.6 70.6 Lor
1 69 71 50.7
6 0 176 38 82.2 70.6 08
1 66 74 52.9
7 0 176 38 82.2 70.6 %0'6_
1 66 74 52.9 B, ,|
33 BAMMLER
1 A 3 PN Z R 8 TAERFIE (Receiver 0.2 () Al
Operating Characteristic, ROC)Hi £&.
Lor % 02 04 0.6 0.8 1.0
1S
0.8F 1 3 #iRER ROC #hLk
EH Pl 1 ] e SRR SR A st A 0 ASE Y )
2] AUC {i3Es, H 0.921, HUCRANE THFE i,
B, AUC H 0.869, 348l IHE AUC {EHAIE, 4 0.676.
AEETER P 2825 R 0L 5. vTLLEH, 2 Fiil
of - BV HRIENRITE 85%LLE, FIBRR
UF. HEBRTE S B SRR, ORISR T
o ' ' 90.7%, Kb IR, HERTE A 89.5%, B4

1 Il
0 0.2 0.4 0.6 0.8 1.0
1

ST HYHERVE AR, 10 70.6%. 3 FEERIR TR IG



553

WETEEF, 55 BT 2R MIRATRILER ) Sk 0 5eE O PRSI i 7 LA 61

SR B e o ) SEFR 25 SR DL 3R 6.
x5 3 WERMNTEMN
piEiil Wet/%  AUC Rt 4ESME%

ptiAClE| 70.6 0.676 52.9 82.2
st 90.7 0.921 93.6 90.7
ANZE D37 89.5 0.869 74.3 99.5
ko6 3 FERINREEM
- BN AN DU LR
TN mmvE mIME BEPE BIME BERE BIRE
FHPE 74 66 104 36 131 9
BAPE 38 176 1 213 194 20
4 HEiE

FEORRE R LR . EEREER . ERTR,
EAR I T 13532 EEALAY B R e A, TS
FEORIRER G, SR, BT BRIk
Bk VR A BIEFNE 2e i, HOFARE &1k
Sy PR 5 A e O B L. DL B S XUBS: B
Sh ARG U LA IXURR: T 43 T L 07 2 5 Ui ) 1
PET oA TR, X LU I PRI A e O i 72K

DI TGRSR A REE R REAIRIZ IR B AR
M AR PRI SR UL TR . AR,
TBEIT REAR IR > S5 A4 S5 i
RIS AWIR . Gould 25U LTl R A
SEEG AT AE, R MLES S o) Bk ey T M
T R AR, HOERH TR H T A B O
BT ERH(AUC 4 0.86). Dinh 25U T B8
STHA) T T R AL 0L I R, T A
B PRI R ) AUC 43514 0.831 Fi1 0.862,
P T AMBHFRMIMERE. Krishnamurthy 252G
VS i R R B I 0 500 V2 A5 1 e R 24 i
318 1 B MR A0 205 T, A5 ) o R e 2 o 245 B
A A FIIASTAE 6 AN H AN 12 A H T At
£ AUC 415174 0.957 F1 0.954.

LL_EAFFE A AR 5 ) e U T A ZR 4 1
THARE, AW 4 N P BB 2 SR i ]
VAR AL T 6 DG T 3 2R R, L e SR A
HRER T e HERTER AUC, UM AN E
DU HR R AR L TR G i e 5 7 i3 R B
AR, BRI, Plass ) Bk T O

T, R O Y 5 25 v] RE A — i 1
Hil 52

AFRMAFE—LRIR . e, FEAR AT
8D, KRN — Y KA &2 LU T AN 5
IEIZ TR BRI HEmf . R, MBI As Bp, 6
FOME RS RN T OB E R AEE
S %L, AN 2R — NN FE LI AR5
AS B EARY. g, ASERT A 0 s O AL
B —ERE AR S, B T EIER
EX R ORAEHEAT T AL, AEAT W] BE X AR Y i 6
PEFEAE T —E FREE RGN

Zi b, FETALESE 2T B 5k O T 43 F A TR
Re— M RA N AR TH, A8 T e
O, ASBRGE I HAIERH T HLaS 5 2 S0 i 5t
O A B R T, RSk e eI RE bk —
B R LEs ) Bk, FR AR B % 5 50
A AE PRI PR E Y, BE & AR O B Hhr O i) 2
SEANTE IR A ) S, XIS B R .
IR R 3 e AR T

BECHEk:

[1] D’Agostino R B Sr, Vasan R S, Pencina M J, et al.
General cardiovascular risk profile for use in primary care:
The Framingham heart study[J]. Circulation, 2008, 117(6):
743-753.

[2] Pencina M J, D’Agostino R B Sr, Larson M G, et al.
Predicting the 30-year risk of cardiovascular disease: The
Framingham heart study[J]. Circulation, 2009, 119(24):
3078-3084.

[3] Reriani M K, Flammer A J, Jama A, et al. Novel
functional risk factors for the prediction of cardiovascular
events in vulnerable patients following acute coronary
syndrome[J]. Circulation Journal: Official Journal of the
Japanese Circulation Society, 2012, 76(4):778-783.

[4] Johnson K W, Torres Soto J, Glicksberg B S, et al.
Artificial intelligence in cardiology[J]. Journal of the
American College of Cardiology, 2018, 71(23):2668-
2679.

[5] Kann B H, Hosny A, Aerts H J W L. Artificial
intelligence for clinical oncology[J]. Cancer Cell, 2021,
39(7):916-927.

[6] He J X, Baxter S L, Xu J, et al. The practical
implementation of artificial intelligence technologies in
medicine[J]. Nature Medicine, 2019, 25(1):30-36.



62 TR (BT 2022

[7]1 Topol E J. High-performance medicine: The convergence
of human and artificial intelligence[J]. Nature Medicine,
2019, 25(1):44-56.

[8] Babaoglu I, Findik O, Bayrak M. Effects of principle
component analysis on assessment of coronary artery
diseases using support vector machine[J]. Expert Systems
with Applications, 2010, 37(3):2182-2185.

9]  CHELOME @R SR 2020) 4524, (HE
OB R S5 2020 ) ZAUER]. PELC 0
EE, 2021, 26(3):209-218.

[10] Gould M K, Huang B Z, Tammemagi M C, et al. Machine

clinical and laboratory data[J]. American Journal of
Respiratory and Critical Care Medicine, 2021, 204(4):
445-453.

[11] Dinh A, Miertschin S, Young A, et al. A data-driven
approach to predicting diabetes and cardiovascular
disease with machine learning[J]. BMC Medical
Informatics and Decision Making, 2019, 19(1):211.

[12] Krishnamurthy S, Ks K, Dovgan E, et al. Machine
learning prediction models for chronic kidney disease
using health insurance claim data in Taiwan[J]. Healthcare
(Basel, Switzerland), 2021, 9(5):546.

learning for early lung cancer identification using routine

Construction and comparison of coronary heart disease prediction models
based on multivariate regression analysis and machine learning algorithm

LU Haoxuan', XU Jinyan’, CHENG Ke’ai', XIE Yanging', WANG Li', JI Lili',
ZHOU Zhong', YANG Zhuo', JING Sheng', HE Wenming'*
( 1.Department of Cardiology, Affiliated Hospital of Medical School, Ningbo University, Ningbo 315020, China;
2.Department of Neurology, Affiliated Hospital of Medical School, Ningbo University, Ningbo 315020, China )

Abstract: The current study was designed to construct coronary heart disease (CHD) prediction models based on
clinical electronic medical record data. The clinical data was collected from the patients who underwent elective
coronary angiography during hospitalization at the Affiliated Hospital of Medical School, Ningbo University
from 2015 till 2020. Decision tree, naive Bayes, and logistic regression algorithms were applied to construct
prediction models for coronary heart disease. The predictive performance of these three models was compared.
A total of 354 patients, including 140 CHD patients and 214 non-CHD patients, were recruited. Using logistic
regression, naive Bayes, and decision tree algorithms, the accuracies of the three prediction models were 70.6%,
89.5% and 90.7% respectively. The AUCs were 0.676, 0.869, 0.921, respectively. All the three prediction
models had good predictive ability for CHD and may have screening potential for CHD.

Key words: coronary heart disease; machine learning; decision tree; naive Bayes
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