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Development of a machine learning-based model to predict
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Abstract: Objective To develop a machine learning (ML)-based model for predicting 1-year all-cause mor-
tality in elderly patients with chronic heart failure (CHF). Methods A ML-based model was built for predict-
ing 1-year all-cause mortality in elderly patients with CHF. Results The 1-year all-cause mortality rate was
12.28% in the training set and 10.83% in the validation set. LASSO regression and multivariate logistic regres-
sion (LR) identified body mass index (BMI) and left ventricular ejection fraction (LVEF) as independent pro-
tective factors, while New York Heart Association (NYHA) class [V, elevated C-reactive protein (CRP), D-di-
mer (D-D), and N-terminal pro-brain natriuretic peptide (NT-proBNP) were independent risk factors (P<0.05).
Receiver operator characteristic (ROC) curve showed that the extreme gradient boosting (XGBoost) model
had the highest area under the curve (AUC) in both training and validation sets (0.897 and 0.864, respective-
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ly), outperforming LR (AUC=0.860,0.822),decision tree (DT) (AUC=0.767,0.761), random forest (RF) (AUC=
0.875,0.818), and support vector machine (SVM) (AUC=0.859, 0.788). The calibration curve in the validation set
indicated that the XGBoostmodel closely aligned predicted and observed probabilities. DCA showed clinical bene-
fit when predicted probability exceeded 0.10. Conclusion BMI, NYHA class, LVEF, CRP, and NT-proBNP were

independent predictors of one-year all-cause mortality in elderly CHF patients. The XGBoost model based on

these variables demonstrated superior predictive performance.

Keywords: elderly; chronic heart failure; machine learning; all-cause mortality; predictive model; extreme

gradient boosting algorithm; left ventricular ejection fraction
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brain natriuretic peptide, NT-proBNP) . L& 4 i
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3R 32 AR~ W JIK e 40 ) 5 (angiotensin-converting
enzyme inhibitors/angiotensin Il receptor blockers/
angiotensin receptor-neprilysin inhibitors, ACEI/
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(sodium-dependent glucose transporters 2, SGLT-2)
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Logistic [7] 5 (Logistic regression, LR) 43 #7 fifi 1E
A E L AFE CHF 3 1 A A P AE T i 20 57 52 0
. AR RIET M “statsf” “rpart.plotfl”
“randomForest fi,” “e1071 11" “xgboostf,” #1375
it ML FENA AL, 73554 LR | PRSEAY (decision tree,
DT) . FEALARHK (random forest, RF) . SZ 5[] & L
(support vector machine, SVM) | % ¥ 6 & 2 F+

(extreme gradient boosting, XGBoost) .
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SRBET, WG REL SR, BEETN
FET- L AR 4
14 SZiTFESR

T 52 %4 >R I SPSS 28.0 Al RStudio 4.5.0 i
RhER L VRS, BE . NYHA DI RS R0
BRI (%) 7m IF R C K s 22 K-S k3 52 1F
SO AR POR PRIV . MCIE QTR . QRS %E
BEELE R bl 2E (Xvs) FRoRIFRA R 5
TS T i FORMERS . BMI, CHF 245 L
A7 VY 435 850 [M (P, P,y)] 3 7% I 5% i Mann-
Whitney UK % ; LASSO [1J9 K& 2 [H & LR &
4E CHF & 1 EEHAET- MR % ; “pROC
17 2] Z i EAERAE  (receiver operator char-
acteristic, ROC) HHZE, 43 H74F ML T 455 74 (1) Fiit
MRE S, PR BURE | Fem | KR
[ PR/ CEC PR M - BCBE PR ) T P13 852 ORS ff o3 <
BRI ) /ORI 38 4+ BURR )]s “rms 17 23 A HE
Mk, ZrHr ML SO AR R PE s “rmdafl” 22
il P Sl £, 43 B ML 00 AR A 1 Il PR L £
“shapviz " V03 F WL A A B 5 7% (Shap-
ley additive explanations, SHAP) #ffi & 4% 78 1 X} i
DR ) BARTTHR s A3 7K IE 0=0.05

2 ZXR
2.1 —HRER
782 4] % 4 CHF [ % - #% 65~88 %, F-H N

76.00 %/ ; “r 284 f3i . 5 498 5 ; BMI Ky 16.33~
31.72 kg/m?, V4 23.64 kg/m®; DU 71741, H
ftb B % 65 491 5 CHF 9 2 2~13 4F, V-5 5.00 4F ;
NYHA OIIRES G M9 559 61 . IV 4 223 141,

22 ZECHFEEZEI1E2ARTHWEREZEST

782 IZ4F: CHF [ 1AE 2B %8 12.28%
(96/782) o HARZRT7 20 o, 4F# . BMI,
CHF i . NYHA LUIREST R . 0 NE . 72
EEPIORWINAE . LVEF, 415, CRP, &
NN, BN E . ALB, BREH . IREA.
HDL-C, LDL-C, Ifif#. D-D. NT-proBNP, JJLiiz
W . AU /NBkuEid % . ACEI/ARB/ANRI, B
ZARBH A7) 5 2 4E CHF B 1 AE 2T A %
(P<0.05), WFE1.

23 ZECHFEE1F£EXTH LASSO [E I3

T EHik
PIAERS . BMI, CHF . NYHA .O-IIREST

NG/ MD=1/0), ZE0 N A= & ik AR
WA . LVEF. HZ40MH%. CRP. ¥ INEE 2 |
HIEMHLIE . ALB, BREH . JREA . HDL-C,
LDL-C. I[fi##. D-D. NT-proBNP. JJLERikHz . 1
B /NERUEST # . ACEI/ARB/ANRI (J2/75=1/0) .
BZIKBHMER] (/AH=1/0) JyH7AR & (GEZAAE
BYRMEEA), ZBECHF R E | FEL2HNET:
(/A =1/0) Ky K 7% 5 #47 LASSO [n] 9 7% i fifi
e o A ARAT B A O AR, % $E lambda. 1se
(A=-4.274 76 481) Fl -+ 4% 52 LHEAE N & T &R
B, Lk 9N HA AT RER AR, 40
4E¥% . BMI, NYHA L IfE4r4t . LVEF, CRP,
ALB. JRE%A . D-D. NT-proBNP, VLK1,
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PLLASSO [al 975 &2 [ 2 5, #4F CHF &
T VERRIET AR gy LR, 28 4hsg
PEALSS (VIF<S) ., Z53 W/, BMI¥S . LVEF
Th i85 R AF CHF 4 1A 2 RBET- By 4l 7 AR 4 A
%, NYHA L IIfgsr %IV . CRPJH& . D-DJ+
/5 . NT-proBNP & M S fa s &= (P<0.05)
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K1 EECHFEZFIE2HARTHEREZST
5 [n(%)] B[ (%)]
280 G h BMI/(kg-m™) — CHF Ji /4%
i 1 ¢ £ WiE A

T4 (n=96) 63(65.6) 33(34.4) 79.50(71.25,87.00) 22.23(19.83,24.58) 86(89.6) 10(10.4) 6.00(5.00,7.00)

TETE2H (n=686) 435(63.4) 251(36.6) 76.00(68.00,83.00) 23.72(21.35,26.58) 631(92.0) 55(8.0) 5.00(4.00,6.00)

P{E 0.673 0.005 <0.001 0.425 0.010

. NYHA L YIRE/ i [n(%)] BEAE995 5 [n(%)] AR [n(%)]
- I 2% V& LR WG O s R 2 6 R

T4 (n=96)  49(51.0) 47(49.0) 49(51.0) 29(30.2) 50(52.1) 13(13.5) 34(35.4) 35(36.5) 16(16.7)

G4 (n=686) 510(74.3)  176(25.7)  349(50.9) 161(23.5)337(49.1) 72(10.5) 206(30.0) 254(37.0) 137(20.0)

PiH <0.001 0.976 0.149 0.587 0.369 0.284 0.914 0.445

1L /mmHg
215 L/ -min™) PRE]/ms  #:1E QT [a]3)/ms 20 57 A% /mm
Q e g

T4 (n=96) 87.00(70.00,99.75) 161.54+41.61  464.57+36.61  120.16+23.00 76.99+14.69 39.3448.35

T7iE2H (n=686) 86.00(70.75,101.00) 165.40+34.01 459.84445.71  123.42+22.12 78.11+15.26 37.05+7.60

P& 0.932 0.387 0.254 0.178 0.498 0.007

15 LEEFTIRR LVEF/% S 0Ra i e A i 8 o e el % v ) £ 5 A/ I/
- N2 /mm * O (x10°-L7)  (x10%-LY)  EHAMH/% (g-L™") (x10°-L™)

T (n=96) 52.14+8.19 49.75+12.81 9.39+4.07  3.81+0.81 75.82+13.83 113.89(102.35,131.45) 184.56+85.33

TETE4H (n=686) 49.43+6.56 54.50+12.35 8.33+2.60  3.91+0.64 74.53+14.17 112.45(68.20,144.93) 196.24+73.12

PiA 0.002 <0.001 0.014 0.226 0.403 0.224 0.204

i CRIEHA/ B N EE R/ HEEEE  SEMEBE  HRBa®R,  [akEpay
- (mg-L™") (u-L™") (U-L™") (u-L™") (umol-L™) (umol-L™)
4436 28.64 33.25 35.78 4.72 10.29
A —

ST (n=96) (31.08,57.38)  (13.70,46.25)  (19.08,43.39)  (22.57,59.98)  (1.98,8.61) (6.20,14.25)
. 34.47 24.04 28.61 30.92 3.96 9.73
R4 =

fri 2l (n=686) (23.94,44.63)  (14.08,34.30)  (16.35,40.21)  (17.06,47.14)  (1.94,6.29) (6.24,13.41)

PIE <0.001 0.039 0.142 0.035 0.028 0.197

15 EEAEN BREM/ MM/ RER/ PRI/ ik D-B 1A/
- (g-L") (g:L")  (pmol-L")  (mmol-L"') (umol-L") (mmol-L") (mg-L™")
32.90 9.05 1.23
= (n= .636. 75+46. 85+162. 861,
T4 (n=96) (20.12.37.45) 30.63+6.06 96.75+46.10 (422.12.811) 366.85+£162.74  6.86+1.89 (0.56.1.94)
35.06 7.46 0.67
14 (n=686 29.26+5.93 89.35+33.27 345.79+127.76  2.34+0.67
femal(n ) (31.14,38.79) (5.20,9.69) (0.32,1.03)
PIE 0.004 0.035 0.132 0.006 0.226 0.019 <0.001
1MAE 435 /(mmol-L™")
2H 5 — NT-proBNP/(ng-L™") AR/ (TU-L7)
' RRGEEE =R HDL-C LDL-C P &

PET-2H (n=96) 3.42(2.88,4.11) 1.33+0.64 0.92(0.76,1.08) 2.51+0.61 5 496.60(3 353.97,7 094.90) 195.31(82.19,370.74)

54 (n=686) 3.62(3.14,4.15) 1.23+0.57 1.00(0.86,1.14) 2.34+0.67

195.31(82.19,370.74)

179.58(103.76,259.18)

P& 0.056 0.123 0.002 0.019 <0.001 0.035
, L[ (%)]
i 5 R vt - e
24 531 (mL"-min"-173 m?) ACEVARB/ Bazik bR R WRIRZ SGLT2
. - L N - . PK 2,
ANRI [HERE il ZARFEHTH 5
TET 4 (n=96)  62.36(37.98,89.09) 80(83.3) 84(87.5) 88(91.7) 86(89.6) 20(20.8)
TEih4H (n=686)  73.92(52.22,91.14) 487(71.0) 533(77.7) 614(89.5) 597(87.0) 200(29.2)
P{H 0.027 0.011 0.027 0.513 0.480 0.089
BMI {RE5%; CHF 89k0 S50 ; NYHA 4200 0EH4s; LVEF A= 4Hsr4; HDL-C &% s 2 A IR [E 2 ; LDL-

C RN FMEFEE; NT-proBNP & LA S A IKAT 1A ; ACEI/ARB/ARNI

B/ A K R 2 AR - KA R s SGLT-2  AW— A MR %32 819 2; 1 mmHg~0.133 kPa.
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1k 0.75F I
0.70 lEils
& 0f 44 0.65F |
E § éow- Bl
S : Mossp Al
} 0.50f TTIAR A
B[ = : i 5. . . 0.4s5p Ul L : , . .
9 -8 -7 -6 -5 -4 -3 -2 9 -8 -7 -6 -5 -4 -3 -2
InA InA
A LASSO [z B LASSO [HlJ322 LR UE fh £k
FI1 AP o B 1 AFE 4 FRSET- 19 LASSO [ul 575 5 i ]
x2 ZHEEMONFTBREE1ELER TS EE Logistic B 134347
gk SRS FRfEIR Wald /M OR{H 95% CI P1H
AEE 0.028 0.017 2.907 1.029 [0.996,1.063]  0.088
R EHEHL -0.136 0.040 11.810 0.873 [0.808,0.943]  0.001
A2 O IIRR TR IV 0.988 0.274 12.965 2.685 [1.568,4.597] <0.001
LEEGT I EL -0.034 0.011 9.866 0.967 [0.947,0.987]  0.002
C R H 0.037 0.008 18.711 1.037 [1.020,1.055] <0.001
HEH -0.035 0.023 2.357 0.966 [0.924,1.010]  0.125
JREA 0.695 0.516 1.811 2.003 [0.728,5.507]  0.178
D-R{K 1.521 0.233 42549 4577 [2.898,7.228] <0.001
G R AR i G M JERC R 4 0.000 0.000 32.411 1.000 [1.000,1.000] <0.001
g -3.235 1916 2.852 0.039 0.091

25 EFMLEZECHFEE1EL2ERZ TN

BBV ST 516

DL BMI. LVEF., NYHA >IJfE/r2% . CRP.
D-D. NT-proBNP N4HHEZ5

=)

EEN

R FET Ry T A
XGBoost 7 il # 7Y  $i¢

ZAE CHF 3 14F
#37. LR, DT, RF, SVM,
HE 9 A I HE B B o 22 B
20244F 1 H—2024 4 6 HiiA Y 120 il % 4F- CHF i
HONEIESE, 1AFEERIET- %4 10.83% (13/120)

ROC £k or, YIIZREE AR IE 5 XGBoost Tl 5

AU 4 T T FH (area under the curve, AUC) 435l

410.897. 0.864, 4T LR FMAR A (AUC 2351 K
0.860. 0.822) . DT T4 AL (AUC 433 4 0.767
0.761) . RF il 4 5 (AUC 4351~ 0.875., 0.818) .
SVM FiltlliF A (AUC 4351124 0.859. 0.788), UL3&3
K 2, BHEMZ SR, %iFE4E XGBoost Fil il 45
) TR AR R 5 S BR il e A5 DR il 4k WoR

F3 G ESHIEEFE ML BUNAER F TN M E
TR ALY HfndE  AUC 95% CI P{E R BURE FEREE O RR F1a%
.. | B2 0.860 [0.817,0.904] <0.001 0.909 0.375 0.984 0.766 0.503
Logistic [7] 9 K
IF4E 0.822 [0.693,0.952] <0.001 0.950 0.538 1.000 1.000 0.700
YA I grgE 0.767 [0.714,0.820] <0.001 0.923 0.500 0.983 0.800 0.615
AR 0.761 [0.614,0.907] <0.001 0.950 0.538 1.000 1.000 0.700
WAL b |2 0.875 [0.830,0.919] <0.001 0910 0.302 0.996 0.906 0.453
*)k B4R 0.818 [0.672,0.964] <0.001 0.933 0.385 1.000 1.000 0.556
o |2 0.859 [0.811,0.908] <0.001 0.921 0.417 0.991 0.870 0.563
ZHE AL .
AR 0.788 [0.621,0.955] <0.001 0.950 0.538 1.000 1.000 0.700
s gt 0.897 [0.857,0.936] <0.001 0914 0.333 0.996 0914 0.489
mommE R [ ]
B4R 0.864 [0.759,0.969] <0.001 0.933 0.385 1.000 1.000 0.556

AUC £ P,
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