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[ Abstract] Objective Clinical prediction models of acute kidney injury (AKI) in patients with
ACS after emergency admission was constructed based on the method of Machine Learning (ML).
Methods Clinical data were collected from January 2018 to December 2020 from patients hospitalized
with confirmed ACS in the First Affiliated Hospital of Jiangxi Medical University. (1) The data set was
randomly divided into training group (70%) and testing group (30%), and logistic regression, decision
tree, random forest, XGboost, support vector machine (Support Vector Classification, SVC) and Light-
GBM methods were used in the training group to construct the ACS-AKI prediction model. (2) The best
machine learning prediction model variables are screened by SHapley Additive exPlanations (SHAP) and
Recursive feature elimination (REF), a model visualization tool, and compressed into a compact predic-
tion model with reduced features. (3) Finally, the screened prediction models are evaluated in terms of
discrimination, calibration and clinical effectiveness using test set data. Results A total of 499 clinical
data of ACS patients were included, of which the incidence of ACS-AKI was 29.5% (147/499); the Light-
GBM model showed the best predictive performance in the training set (AUC = 0.78). Screening of the
characteristic variables revealed that the predictors leading to ACS complicated by AKI were admission
creatinine, ejection fraction, triglycerides, B-type natriuretic peptide (BNP), blood urea nitrogen, cys-
tatin C, D-dimer, age, loop diuretics, and extent of myocardial infarction. Finally, we validated the ML
model of ACS-AKI using test set data and obtained that the LightGBM model had the best performance in
terms of discrimination (AUC: 0.79), calibration aspects, and clinical benefit. Conclusion ~We have
constructed and validated a clinical prediction model for concurrent AKI in ACS patients by different ML
algorithms and obtained better results. However, this model still needs more external data for validation.
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AT LIS ML 7k, ¥ ACS BE I 4E

F 1 SMEIREE AR I R IE RIS b

A bt SR (n=499) BIEEE (n=150) YL (n=349) thlZ (8 P
Y (S, 2 £ 5) 59.71 + 12.99 58.88 + 12.43 60.07 + 13.22 0.939 0.348
ABEi i (mmHg, %+ 5) 125.99 + 20.66 125.73 + 18.57 126.09 +21.51 0.180 0.857
AR} £75K 1 (mmHg, %+ 5) 77.42 £ 13.62 77.36 £ 12.00 77.44 £ 14.28 0.062 0.950
LFR(PW/min, ¥+ 5) 82.37 +15.63 82.48 £ 15.16 82.33+15.85 -0.098 0.921
ABEEAIAE(10°/L, X+ 5) 9.91+3.47 9.62+3.52 9.96 £ 3.50 0.474 0.635
ABEH RN [10°/L, M(0,, 05)] 6.56(4.97,9.14) 6.48(4.79, 8.84) 6.61(4.99,9.45) 0.354 0.723
ML (gL, X+ 5) 147.13 + 19.96 148.80 + 19.23 146.41 +20.24 -1.225 0.221
ABELLANTTEL [107/L, M(Q,, 0))] 4.87(4.48,5.21) 4.88(4.48,5.29) 4.50(4.89,5.25) -1.238 0.216
I AHAE LA (%, X+ 5) 43.12+5.34 43.19 = 6.00 43.08 +5.03 -0.205 0.837
LA AT FEE (%, X+ 5) 12.76 £ 0.95 12.77 £ 0.88 12.75 +0.98 —0.189 0.849
/MR (10°7/L, X+ 5) 232.34+71.10 232.44 + 68.97 232.72+72.09 0.183 0.854
IM4F (mmol/L, ¥+ s) 3.68 +0.44 3.73+0.43 3.66+0.41 -1.647 0.100
144 (mmol/L, X+ s) 137.33 £3.48 137.18 £3.33 137.39 £3.55 0.614 0.539
M45(mmol/L, %+ s) 224+0.13 223+0.15 2.24+0.12 0.986 0.147
JRFE A (mmol/L, X+ s) 5.69+1.80 5.51+1.47 5.56+1.93 1.451 0.325
ABENLUEF (umol/L, X+ 5) 75.55+20.91 73.66 + 17.07 76.35+22.33 1318 0.188
PR (mmol/L, X+ s) 347.89 + 98.50 346.52 £ 100.09 348.48 £97.94 0.203 0.839
23 1 I A# (mmol/L, X+ s) 9.24+4.33 9.67£5.22 9.06 + 3.87 -1.434 0.152
SHEEE [mmol/L, M(Q,, 05)] 4.50(3.68,5.08) 4.39(3.56, 5.04) 4.50(3.72,5.09) -0.591 0.555
=Rl [mmol/L, M(Q,, 05)] 1.88(1.22,2.59) 1.91(1.27,2.63) 1.88(1.22,2.58) -0.137 0.891
JBLTZ (umol/L, F+ ) 1429 +7.44 1447 £6.71 1420 +7.74 -0.375 0.708
MAEF (gL, x+s) 41.54 + 4.68 41.95+4.97 4137+4.54 -1.282 0.200
TR R 2 (UL, M(Q,, 0] 27.00(18.68, 41.85) 25.96(18.08, 40.33) 27.00(19.00, 43.20) 0.678 0.498
FA A W W [U/L, M(Q,, 05)] 33.00(22.25, 69.31) 31.10(21.54, 57.49) 33.51(22.90, 74.52) 1.411 0.158
BEAZE C(mg/L, X+ 5) 0.81+0.29 0.78 £ 0.27 0.82+0.30 1.549 0.122
WESZE T T [ug/L, M(Qy, 05)] 0.110(0.020, 1.180) 0.071(0.014, 1.160) 0.121(0.018, 1.460) 1.693 0.090
WLER Bt [U/L, M(Q,, 05)] 151.80(87.83, 528.59) 135.50(84.05, 500.81) 158.80(90.65, 536.00) 0.511 0.609
LR 45 7] T8 [ne/L, M(O,, O3)] 15.27(2.21, 39.70) 15.085(1.665, 50.025) 15.27(2.80, 37.80) 0.174 0.862
PT[s, M(Q,, 0,)] 11.4(10.9,12.0) 11.5(10.1,12.1) 11.4(10.9, 12.0) ~0.594 0.552
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Ak BB (n=499) B iEE (n=150) YLk (n=349) thi1Z A8 P
PT IE# %4 [s, M(0,, 0,)] 11.5(11.5,11.6) 11.5(11.5,11.6) 11.5(11.5,11.6) ~0.431 0.667
D-Z5R4K [ug/L, M(Q,, ;)] 122(79, 199) 122(81, 186) 122(77, 206) 0.632 0.527
C MEH [pg/L, M(0,, 0] 4.00(1.57, 8.46) 4.00(1.89,7.60) 4.00(1.31,9.17) -0.158 0.875
40/ 6[ng/L, M(Q,, 0,)] 6.28(3.44, 10.84) 6.22(3.50,9.72) 6.46(3.32,10.94) 0.422 0.673
FeA R IR [ug/L, M(0,, 03)] 0.04(0.02, 0.06) 0.04(0.03, 0.06) 0.04(0.02, 0.06) —0.749 0.454
B AR RK [ng/L, M(Q,, 0,)] 114.20(32.03, 387.12) 100.05(27.05, 247.30) 114.20(36.93, 418.70) 1.875 0.061
OIS 538 (%, X+ ) 57.95 + 6.94 58.62 + 6.65 57.66 + 7.05 -1.413 0.158
BRI A F T BEEE (mm, X+ 5) 9.28 £0.83 9.19 +0.69 9.31£0.88 1.464 0.144
&7k (R PR (mm, X+ 5) 9.44 +1.05 9.32 +£0.86 9.49+1.11 1.748 0.081
£ A% (mm, $+ ) 3435+ 4.06 3438 £4.26 3433 +3.98 -0.137 0.891
PER [ 191(%)] 0.379 0.538
ik 93(18.64) 25(16.67) 68(19.49)
Bk 406(81.36) 125(83.33) 281(80.51)
FRAEHLX [ 61(%)] 0.826 0.363
Bramsh 49(9.82) 18(8.05) 31(8.88)
BN 450(90.18) 132(91.95) 318(91.12)
WA R [ 4811(%)] 0.084 0.771
5 213(42.69) 66(44.00) 147(42.12)
b= 286(57.31) 84(56.00) 202(57.88)
PRI [ 191(%)] 0 1
& 279(55.91) 80(56.00) 195(55.87)
b= 220(44.09) 69(44.00) 154(44.13)
DIIREST ] B1(%)] 1751 0.625
I % 64(12.83) 21(14.09) 43(12.29)
4% 286(57.31) 84(56.38) 202(57.71)
4 108(21.64) 28(18.79) 80(22.86)
V& 41(8.22) 16(10.74) 25(7.14)
e LI R [ 1% )] 0.754 0.385
1 246(49.30) 69(46.00) 177(50.72)
= 253(50.70) 81(54.00) 172(49.28)
BRI L [ 61(%)] 0.131 0.718
i 352(70.54) 108(72.00) 244(69.91)
= 147(29.46) 42(28.00) 105(30.08)
LR [ 1(%)] 0.023 0.880
& 9(1.80) 2(1.33) 7(2.00)
2 490(98.2) 148(98.67) 342(98.00)
HRi i A s [ (% )] 0.017 0.896
5 475(95.19) 142(94.66) 333(95.41)
b 24(4.81) 8(5.33) 16(4.49)
PRI S [ (% )] 0.785 0.376
# 462(92.59) 136(90.66) 326(93.41)
= 37(7.41) 14(9.33) 22(6.59)
TERBIBKN AR [ B1(%)] 0.759 0.383
o 107(21.44) 28(18.66) 79(22.63)
2 392(78.56) 122(81.33) 270(77.37)
S E (2 FE ) B1(%)] 0 1
i 489(98.00) 147(98.00) 342(98.00)
2 10(2.00) 3(2.00) 7(2.00)
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=
A BB (n=499) B (n=150) YLk (n=349) 1 Z 8 Py

SR (TS [ 151(%)] 0.005 0.952
i 279(55.91) 83(55.33) 196(56.00)
P 220(44.09) 66(44.67) 153(44.00)

AN (ES[ B(%)] 0.181 0.670
g 413(82.77) 122(81.33) 291(83.38)
2 86(17.23) 28(18.66) 58(16.62)

SIS A EIRBIBKOL 61(% )] 0.742 0.389
1 364(72.95) 105(70.00) 252(72.00)
I 135(27.05) 45(30.00) 98(28.00)

PREE T [ (%)) 0.011 0.914
1 399(79.96) 119(79.33) 280(80.23)
S 100(20.04) 31(20.67) 69(19.77)

PALEMEERERD [ 4](%)] 0.457 0.499
& 440(88.18) 135(90.00) 305(87.39)
2 59(11.82) 15(10.00) 44(12.61)

ACEI #l ARB fifi [ [ #1(%)] 1.581 0.208
& 95(19.04) 23(15.33) 72(20.63)
b= 404(80.96) 127(84.67) 277(79.37)

FIPRFEE R [ 511(%)] 0.002 0.737
# 300(60.12) 88(58.67) 212(60.74)
= 199(39.88) 62(41.33) 137(39.25)

PUERMA [ H1(%)] 0 1
i 455(91.18) 137(91.33) 318(91.12)
= 44(8.82) 13(8.67) 31(8.88)

VPR B ATV R [ 61(%)] 0.012 0.914
i 480(96.19) 145(96.67) 335(95.99)
= 19(3.81) 5(6.33) 14(4.01)

#: 1 mmHg=0.133 kPa; ARB W Ifil & 55K Z ZAFEH5H; ACEL M1 Sk ZE AL BEMHI; PT SA5E il i 5]

T A REAE 2 IR R s AR B, A3 Logistic 1115
e Bt RF. XGboost F1 LightGBM, 3¢ 7 1] 2 #
(support vector machine, SVC) & #iliil] ACS ¥ &
A AKI. /R 1AL X T ACS-AKI, LightGBM
AR LAy > A 3R B 5 A I 14 B (AUC=0.78),
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