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XGBoost-Cox model effectively predicts mortality risk in elderly male patients with
acute Kidney injury: a retrospective cohort study integrating nonlinear feature

engineering and interpretable machine learning
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[Abstract] Objective Elderly patients with acute kidney injury (AKI) face a high mortality risk that
varies with renal function trajectories after AKI, whereas existing prediction models rely mainly on baseline
variables and offer limited interpretability. Based on real-world follow-up data from elderly male patients with
AKI, this study aimed to develop a mortality risk prediction framework that integrates nonlinear feature
engineering with interpretable machine-learning survival models, and to evaluate its discrimination,
calibration, clinical net benefit, and interpretability. Methods A single-center, retrospective cohort study
was adopted to construct a prediction model based on older male inpatients who survived at least 7 days after
AKI onset at Chinese PLA General Hospital between January 2008 and December 2025, with all-cause
mortality as the endpoint outcome. Patients admitted between January 2008 and December 2018 constituted
the model development cohort, and were randomly divided into a training set and an internal test set at a 7:3
ratio; patients admitted between January 2019 and December 2025 constituted the temporal validation cohort.
Variables collected included demographic characteristics, cardiovascular and hemodynamic status, renal
function indicators, AKI severity and dynamic changes in renal function, hematological indicators,
biochemical, nutritional and metabolic indices, electrolytes and minerals, medical history, comorbidities, and
treatment-related factors. Restricted cubic splines (RCS) analysis was used to examine the nonlinear
relationships between key continuous variables and mortality risk. Feature selection was performed by
combining the Boruta algorithm, random survival forest (RSF), and clinical interpretability to construct 3
progressively expanded predictor sets. Six survival models were applied for mortality risk prediction, namely
the Cox proportional hazards model, spline-extended Cox model, elastic-net Cox model, RSF, XGBoost-Cox,
and DeepSurv. Discrimination was evaluated by the C-index and time-dependent AUC, and the calibration
and clinical utility of the best-performing model were assessed by calibration curves and decision curve
analysis. SHapley Additive exPlanations (SHAP) were further applied to interpret the best model globally and
at the individual level. Results A total of 2 335 elderly male patients with AKI were finally included, of
whom 1 912 died during follow-up and 423 survived. The training, internal test, and temporal validation sets
comprised 775, 332, and 1 228 patients, respectively. BNP, BUN, and short-term post-AKI dynamic eGFR
indicators showed nonlinear relationships with mortality risk (P<0.01). Age, nutritional status, cardiorenal
functional load, hematological indicators, comorbidity burden, mechanical ventilation, and post-AKI changes
in renal function were important predictors of mortality risk in elderly patients with AKI. The predictor set
incorporating post-AKI dynamic renal function indicators revealed better overall predictive performance than
models containing only baseline variables or AKI-onset variables. In the test set, the XGBoost-Cox model
achieved the highest C-index and 3-year AUC, which were 0.749 (95%CI: 0.722 to 0.774) and 0. 846
(95%CI: 0.802 to 0.891), respectively; RSF performed best in 30-day and 90-day predictions, with AUC
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values of 0. 840 (95%CI: 0. 785 to 0. 888) and 0. 829 (95%CI: 0. 785 to 0. 868), respectively. In temporal
validation, the AUCs of the XGBoost-Cox model for 30-day, 90-day, 1-year, and 3-year mortality risk
prediction were 0. 797 (95%CI: 0. 763 to 0. 830), 0. 781 (95%CI: 0. 755 to 0. 809), 0. 802 (95%CI: 0. 778 to
0. 824), and 0. 822 (95%CI: 0. 788 to 0. 853), respectively, indicating stable generalizability in the temporal

validation cohort. The XGBoost-Cox model showed good discrimination, calibration generally consistent with

observed risk at 3 years, and clinical net benefit, with renal functional load as its dominant predictor.

Conclusion The prediction framework integrating nonlinear feature engineering with interpretable machine-

learning survival models can effectively identify mortality risk in elderly male patients with AKI. The

XGBoost-Cox model showed good discrimination in both internal testing and temporal validation, with

generally consistent calibration and net benefit superior to treat-all and treat-none strategies for 3-year

mortality risk prediction; SHAP analysis identified renal functional load as its dominant predictor, indicating

that the model’s predictions are interpretable.

[ Key words |

acute kidney injury; older men; machine learning; survival analysis; mortality risk

Supported by the General Program of National Natural Science Foundation of China (82574207) , the National Key Research and Development Program
(2023YFC3605500, 2023YFC3605501) , and the General Project of Natural Science Foundation of Chongqing (CSTBZOZSNSCQ-GPX0648).

Corresponding author: Wu Yazhou, E-mail: asiawu@tmmu. edu. cn

2P 51 40 (acute kidney injury, AKI) f2 & 44
Bt J0 5 H UL ELUS T A fE LG AR B R R AR
N 10%~15%, 1CU & KL R 1L 50%, nl ik 25 1
TS BE T XU R 048 e 5 i ORI i RO
IR PR RS AR B AT AE B T RE Bk 5 D e
B 55 I0E 2 & MRHIE , AKT A= J5 0 17 i e iz 19
T A AE 35 5 o, e B PR 4 AKTE FAE T
B AT B L DRI RS VR S AE B M AKT R
FET R, % T i S XU 70 J2 AR I R I6 9 e 3R
SR IIBE TS PR HA AR S

REAE AKT U5 BF 58 22 % H Logistic [A1H 3} Cox [
191 UG A58 Y, 33k 2 7 92 ELA 0 vl g e AT T A
PE A AR OC R | Hu 9 IKUBS: Al 35, I LA A
RO a2 I AT AR R E . AR AKX
M2 R 28 E 24 In R R 2R 3 W) 5K 3h 1Y 42 2%
LRAE, HLlAREE AKIL 23] L5 UAT | f o o o —
() s 200 = R AR, MELLSE 0 20 AR AR T U . e
H 2 A LB %A 44 BK (B-type natriuretic peptide,
BNP) . 1fiL /R % A (blood urea nitrogen, BUN) | H fi# Ji |
R usAE bR S AKLE B DI RESh S8 b A i g b &, H 5
FET A 22 1] ] BEAF 72 U OV AR M OG5 5 4%
7 AL A F, T R 522 M A5 0 2 B RIS A
B A R N PRI ASE RAIF 5 L, B TF 2R
PAX GGV 35 P e — Bk R L, i T A o
WEFEA BV i fLA ] ARSI R HE R |l R S
FAYE BB

FR il ¥4 57. 77 FE 4% (restricted cubic spline, RCS) |
Boruta FEAE T BE AIL#F 27 > A AF AL RURN AT g B N T3

il Sk A 2% I R TOU I ASE TR0 40 T T B B R A
RCS AT T 15l i 22742 it 5 435 Jy 22 [0 () R 2 P 57 -
SV SR ZR 3 A A ASE AL R A8 [m] Fsf A1) FH B8 12 Isf [ R 25 475
B T LS A BE DT B 5 BE LA A7 AR AR (random
survival forest, RSF) . XGBoost-Cox il DeepSurv 5 AL #%
o 2 A A REUAT B T AR ) 52 2 A B AR ek
R ORI AR TR P RE 4 T IR 45 R i A AT
FH AT DK I3 B2 TR 2 I PR v 2 i P T] 36 31k B
AT AR RSO W AT LR R, A, AKT AR
WA F AKT R A5 48 h 227 d P9 9 %6 391 T B AR 1k
A AE B W U it A IR FRAR A | RAE T L2 48 B D
BEIRAS , FLA VT BT A1 i

BT AR AKL B FUSE I S BT8O , AT 5E A
A AR LR R AR AR BLAR o > AR A A YT SHAP
AR BT A LT AR UM AE SR o 7 SE HUnl SC i i
i AT AR Z A AR K &, JF45 5 Boruta
SE (RSF i e ds E HHAT I RIS SCH T A B
L AR ik | AKT 2 A I A8 i K AKLS R 30 8l 25
ThAEAS 3 b AR T A, VAL B 2S48 b A4 1 2 T
I {8 5 2 — 20 LU AR Bt Cox 5 Z Rl 27 > R A7
HRUTE DA ES 0 2 B AR ] 031 4R v i) 6 R, D A i
MR PRS2 A SHAP J3 A PTAN S (AR B O A HE
e A S FH AR RT g B , S 28 4F 55 7 AKTLER AL
JRUSSE DAt Rl P BR SR SRR AR A

1 #ABSHE

1.1 HERBREHRATH
AHIFFE Ay B O ] BT A 3] ) A A5 A4 A 5



2936 i 4522 R R 27241, 2026, 48(20)

http ://aammt. tmmu. edu. cn

il FH B B¢ HL 705 D3 3R G RS 36 =54 08 &R 40 19 B A
PERE, 22 N R A A B B R RS R B A H
HEVE (IR 5E S2023-725-015) . 20084F 1 H % 2018 4F
12 H 31 16) 43 B2 918 W7 Ay AKT 0 22 4F 55 P H 3 A e
RUFF R BAAN 21 107 6], -4 B8 72 3 LU R FH 43 2 B
WURE TR0 N (775 6 AN BRI AR (332441 5
2019 4F 1 H 2 2025 4F 12 H A1 Be 32 W7 4 AKL Y
AT M S Sl ST B TR B0 BB, 3 1 228 4],
FOPAl A A B o [R) HE RS 172 AL BE T, B X 2 gl HE T
UL 1,

ABFFE LA KDIGO 2012 451 2 Wr AKL 3, HF5Y
F B R R b 18] A 4 AR T B IR R
BT U AKLIZ Wi bR vE B IR . BT AR BF 5T 40
ANAKI KR4 G 48 h £ 7 d sl T UIaeds br, U4
AL PR B AKL &R S A7 et 7 d ELBE T 9% k) 5 2
f 95 151 , B S PEAY 30 d.90 d 1 4E ) 34ERY A RSB T
JRUBS

AMIE TR 25 I 6] 79 AR SCANTTS < B SCh A8
BARTAEBEABE G AKL& AR, AT R B Fe 42z 3 A B
FiF ] A5 A9 If PR 5 ST 6 5 A I k), FH T R B £ 35 AKT
AR BERRARAS s AKL A A o SO0 838 8 AT &
KDIGO AKIIZ Wi i I 18] 5, T Bz e AKT S &
A 2R RS s AKLE s & B D ReH8 b SN
AKLE A J5 48 h 27 d I [H] 7 1A S5 A5 55/ ek
# (estimated glomerular filtration rate , eGFR) R4 AH O
()48 bn , T OB AKT & 4B Je 5000 09 ' 2 ek 2
Bl
1.2 E&TEFHHBALLE
1.2.1 AN FZFRREALC A K i i 3h 11 22 RS H8 45

N SRR bR AR o o0 100 Sl i 3l g 4R
BAE R « FEZR W 4 (systolic blood pressure, SBP) | %
2 £7 7 JE (diastolic blood pressure, DBP) . AKI % A= I}
SBP AKI &£ DBP, 34k BNP Hl AKI & ZE i BNP, 1%
75 1 1T R A BRI 3l ) 2 A P S i
.

2008.01 to 2018.12
AKI patients identified according to
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Development cohort
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| |
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Figure 1 Flowchart of participant inclusion and exclusion
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Table 1 Definitions of derived variables for post- acute kidney injury (AKI) dynamic renal function changes

Tiack S iy TESLAR fRbr X
Derived variable Definition formula Interpretation
WL 4 B R

Early injury severity

48 h SCr Ho {8
48 h SCr ratio

AKIJ 48 h PIIEAE SCr/FEZE SCr

48 h eGFR [ 18
48 h eGFR ratio

F2k e GFR/AKI 5 48 h NZR K eGFR

W SCr IR AR I

Percentage of early SCr rise

Peak SCr within 48 h after AKl/baseline SCr

Baseline eGFR / last eGFR within 48 h after AKI

[ (AKLJF 48 h NIEE SCr-FE4k SCr) /4:£k SCr]x100%
[ (Peak SCr within 48 h after AKI-baseline SCr) /

BB, $275 L) SCr T i R 4
The larger the value, the more pronounced the early increase in

SCr.

B R, $2 /R L) e GFR R A ik,

The larger the value, the more pronounced the early decline in
eGFR.

KB, SR F0 B D RE ST

The larger the value, the more severe the early renal function injury.

AR, $275 540 e GFR 45 0SB W

The larger the value, the more obvious the early loss of eGFR.

baseline SCr]x100%
U eGFR FRET 41 [ (JLk eGFR-AKIJF 48 h IR K eGFR)/HE2%
R . eGFR]X100%
S’F(:;entdge of early eGFR [ (Baseline eGFR-last eGFR within 48 h after AKI) /

baseline eGFR ] X 100%

7 d5AR S DIRER

Residual renal function at 7 d

7 d SCr b {H
7 d SCr ratio

AKIJ 7 d N IEAH SCr/3E4E SCr

7 d eGFR I 32 eGFR/AKIJG 7 d WK K eGFR

7 d eGFR ratio

Peak SCr within 7 d after AKI / baseline SCr

Baseline eGFR / last eGFR within 7 d after AKI

BUBBK HR 7 d N SCr 4 FH R 2.
The larger the value, the more pronounced the abnormal SCr
elevation within 7 d.

BEBR 4278 7 d K eGFR WA L BUER A H0 ] dek
The larger the value, the greater the insufficient eGFR recovery or
residual injury at day 7.

07 K SCr M L T [(AKIJF 7 d NARIR SCr—#E4% SCr) /348 SCr1x100% Bl R 7 d P UL 6 2

Iyt [ (Last SCr within 7 d after AKI-baseline SCr) /

baseline SCr]x100%

7 d SCr excess

[ (F£4L eGFR-AKIJG 7 d IR IR eGFR)/FEZE eGFR |x

HTReGFREF AL 100%
7 d eGFR deficit
baseline eGFR ] X 100%

48 h 5 7 dPRE IR
Recovery magnitude from 48 h to 7 d

48 h 27 d SCrik H o 1L
Percentage of SCr recovery

from 48 hto 7 d

J& 48 h PUEAE SCr]x100%

48 h 27 d eGFRK EZ H [ (AKIJG 7 d NR K eGFR-AKIJF 48 h PRI

syt eGFR)/AKIJF 48 h PIAIK eGFR ]x100%

Percentage of eGFR recovery [ (Last eGFR within 7 d after AKI-last eGFR within 48 h
after AKI) / last eGFR within 48 h after AKI| X 100%

from48 hto7d

[ (Baseline eGFR—last eGFR within 7 d after AKI) /

[ (AKIJ5 48 h NIAE SCr—AKIJ5 7 d AR YK SCr) /AKIT

[ (Peak SCr within 48 h after AKI-last SCr within 7 d
after AKI) / peak SCr within 48 h after AKI] x 100%

The larger the value, the higher the creatinine burden within 7 d.

BUEBK R 7 R eGFRACTRIEL T L .
The larger the value, the greater the decrease in eGFR at day 7
relative to baseline.

HEDBOR , #2871 Ser T R W] 0 s A BB/ NS B, 3278 Ser
TR R T

The larger the value, the more obvious the decrease in SCr; a
small or negative value indicates insufficient decline or continued
elevation of SCr.

BUEBR 278 eGFR BB 2 5 2 BUE RN SO B, 375
eGFRIKIZA R Tl

The larger the value, the more obvious the improvement in
eGFR; a small or negative value indicates insufficient recovery
or further decline of eGFR.
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x2 2HEEARWTRHOERFELR [(M(P,, Py) ,41(%) ]
Table 2 Comparison of baseline characteristics of the study population [ M(P,,, P,,) ,n(%) ]

Variable

Survivor group(n=423)

Non—survivor group (n=1912) XU P

Demographics

Survival day/d 1312(914,2 066) 190(49, 558) 729013.00  <0.001
Agelyears 83(76, 91) 92(87, 95) 213611.50  <0.001
Cardiovascular and hemodynamic status
Baseline SBP/mmHg 135.00(124. 00, 146. 00) 130. 00(119. 00, 141.00) 455399.00  <0.001
Baseline DBP/mmHg 71.00(64. 00, 79. 00) 66. 00(60. 00, 73.00) 506 882.00  <0.001
AKl-onset SBP/mmHg 127.00(116. 00, 140. 00) 120. 00(108. 00, 134.00) 478 260.50  <0.001
AKl-onset DBP/mmHg 68.00(61. 00, 76.00) 62. 00(55. 00, 70.00) 516 037.00  <0.001
Baseline BNP/(pg/mlL) 384.20(151. 40, 1 174.90) 1365. 00(458. 00, 4 040.70)  215263.00  <0.001
AKI-onset BNP/(pg/mL) 726.00(231.30, 2727.35)  2402.00(795.00, 7 104.00) 231 152.50  <0.001
Renal function markers
Last SCr within 48 h after AKI/( pmol/L) 132. 00(96. 00, 190. 00) 145. 00(103. 50, 212. 00) 372525.50  0.011
Peak SCr within 7 d after AKI/(wmol/L) 146.00(107. 00, 211. 00) 164. 15(117. 00, 256. 00) 365897.00  0.002
Last SCr within 7 d after AKI/( umol/L) 115.00(83. 00, 169. 00) 131.00(89. 55, 205. 00) 360435.00  <0.001
Baseline eGFR/[ mL/(min*1.73 m>) ] 71.40(46.75, 86.53) 63.63(41.31, 81.33) 444740.50  0.001
Peak eGFR within 48 h after AKI/[mL/(min*1. 73 m”) ] 39.04(24. 39, 57.07) 33.76(20. 82, 49.57) 439743.00  0.005
Last eGFR within 48 h after AKI/[mL/(min*1. 73 m”) ] 42.84(26.01, 62.27) 36.08(22. 65, 54.43) 455918.50  <0.001
Peak eGFR within 7 d after AKI/[mL/(mine1. 73 m”) ] 38.60(23. 64, 55.93) 30. 87(18.05, 47.21) 459 843.50  <0.001
Last eGFR within 7 d after AKI/[ mL/(min*1.73 m®) ] 51.00(31.65, 73.21) 40.73(23. 58, 65.03) 468303.00  <0.001
Baseline BUN/(mmol/L) 7.10(5. 30, 9. 60) 10.20(7. 10, 15.30) 247331.00  <0.001
AKl-onset BUN/(mmol/L) 11.20(7. 90, 15.60) 16. 10(11. 10, 23. 50) 251807.50  <0.001
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Table 2(continued) Comparison of baseline characteristics of the study population [ M(P,,, P,,),n(%) ]
Variable Survivor group(n=423) Non—survivor group (n=1912) XU P
AKI severity and renal dynamic indices
AKI stage 15.70  <0.001
Stage 1 316(74.70) 1395(72.96)
Stage 2 40(9. 46) 302(15.79)
Stage 3 67(15.84) 215(11.24)
48 h eGFR ratio/% 1.46(1.21, 1.80) 1.54(1.27, 1.87) 366 028. 00 0. 002
Early eGFR drop/% 31.70(17. 26, 44.36) 35.10(21. 15, 46.41) 366 031. 50 0. 002
7 d SCr ratio/% 1.62(1.52, 1.92) 1.70(1.52, 2.18) 363 351. 00 <0. 001
7 d eGFR ratio/% 1.28(1.04, 1.65) 1.36(1.10, 1.89) 354 112. 00 <0. 001
7 d SCr excess/% 42.42(5. 65, 62. 86) 44.77(12. 26, 80.00) 359 110. 50 0.001
7 d eGFR deficit/% 21.83(3.54, 39.44) 26.32(8. 86, 46.96) 354 111.00  <0.001
SCr recovery from 48 h to 7 d/% 11.27(0.00, 34.12) 9.88(-3.99, 28.47) 458 719.00  <0.001
eGFR recovery from 48 hto 7 d /% 0.00(0. 00, 23.24) 2.96(-7.04, 27.03) 430 129. 00 0.039
Hematology
Baseline Hb/(g/L.) 125.00(112. 00, 137.00) 109. 00(96. 00, 122.00) 571 714. 00 <0. 001
Baseline RBC/(x10'%/L) 3.99(3.58, 4.40) 3.49(3.05, 3.96) 562 296. 50 <0. 001
Baseline PLT/(x10°/L) 177.00(140. 00, 219. 00) 165.00(119. 00, 217.00) 440 431. 50 <0. 001
AKI-onset Hb/(g/L) 121.00(108. 00, 136.00) 106. 00(92. 00, 120. 00) 574 583.50  <0.001
AKl-onset RBC/(x10'*/L) 3.90(3. 48, 4.34) 3.41(2.95, 3.91) 567 795.00  <0.001
AKI-onset PLT/(x10°/L) 171.00(137. 00, 220. 00) 153. 00(106. 00, 206. 00) 473294.00  <0.001
Biochemistry, nutrition, and metabolism
Baseline albumin/(g/1.) 39.00(35. 70, 43.00) 35.10(31.90, 38.40) 566 466. 00 <0. 001
AKl-onset albumin/(g/1.) 37.70(34. 50, 41.50) 33.70(30. 50, 37.00) 582 276. 50 <0. 001
Baseline glucose/(mmol/L) 6.06(5.10, 7.47) 6.64(5.40, 8.49) 337 769. 00 <0. 001
AKl-onset glucose/(mmol/L) 6.56(5.41, 8.37) 7.37(5.78,9.87) 332747.50  <0.001
Baseline uric acid/( mol/L) 299.00(219. 00, 363.00) 306. 00(223. 00, 398. 00) 365 624. 00 0.003
AKl-onset uric acid/( pmol/L) 353.00(283. 00, 421.00) 372.50(288. 00, 475.00) 357935.00  <0.001
Electrolytes and minerals
Baseline K/(mmol/L) 4.03(3.72, 4.36) 4.10(3. 80, 4.44) 372 601. 00 0.018
Baseline Na/(mmol/L) 138.00(135.00, 141.00) 138.00(135. 00, 143.00) 365 825.50 0. 004
AKI-onset Na/(mmol/L) 138.00(134.90, 141.00) 140. 00(135. 00, 145.00) 326 406. 00 <0. 001
AKl-onset Ca/(mmol/L) 2.27(2.13,2.39) 2.23(2.11, 2.37) 432 225.00 0.017
AKl-onset CI/(mmol/L) 101. 60(98. 00, 105. 10) 102. 00(98. 00, 107.00) 371 815. 50 0.014
Medical history, comorbidities, and treatment
Smoking history 124(29. 31) 721(37.71) 10. 57 0. 001
Hyperuricemia 130(30.73) 924(48.33) 43.29  <0.001
CHD 213(50. 35) 1362(71.23) 68.78  <0.001
MI 64(15.13) 411(21.50) 8. 66 0.003
AF 54(12.77) 532(27.82) 41.78 <0. 001
CHF 96(22.70) 943(49.32) 99. 42 <0. 001
Stroke 86(20.33) 846(44.25) 82.61 <0. 001
Malignancy 94(22.22) 657(34.36) 23.40  <0.001
COPD 50(11.82) 547(28.61) 51.30  <0.001
CKD 136(32.15) 880(46. 03) 27.12  <0.001
MV 29(6. 86) 711(37.19) 147.19  <0.001
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Figure 2 Restricted cubic spline curves for 6 key continuous predictors associated with all-cause mortality
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A: Results of the Boruta feature selection with green boxes denoting confirmed variables; B: Variable importance ranking from the RSF, only

the top-ranked variables within each set are shown. BL indicates the baseline measurement of the indicator, and Onset indicates the

measurement of the indicator at AKI onset
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Figure 3 Variable importance distributions from the Boruta algorithm and random survival forest (RSF) across 3 candidate

predictor sets

FF XGBoost-Cox ) SHAP 4341 715 , AKIT & A B
BUN AUAEE < AKL & AR 8 OB Sk A
KL BNP LR 4T A AR L AKT & A A
BNP AKI % AR F L BUN AKTF 48 h £ 7 d
eGFRKE HLAA JELE IR R 7 d eGFR BB Al AKT & A
A 2 45 A48 et SR S A 3 AR AR T XU T (7 S 2L R 3R
(E5C) . FR&5 RN B IR S FRREME I
iE 7 FHTE A AKT B 2 B0 1 KU i 0 o HL A o AR
Mo SHAP summary plot iff — 25 FE/R T #5748 s BUE 5
REAITR 77 ) 2Z B8] ) 5 2R (BT SD) 6

AP Ak SHAP fiff B 7, o JRURS: A4 1 1 T JRU s
40. 934, {5 TSR T 7K - (0. 843) o i MA KL
BeTHes Ol [ AKLAAERS BUN BH 27155 (23. 8 mmol/L,

SHAP{E+0. 46) 5 AKI&ER BNPEH 15 (5 040 pg/mL,
+0.16) o FEARZE T KU (14 ¢ AiE rh i 2 e R 1) 2 AR
7K - () 28 BNP (195 pg/mlL, —0.24) . & HL i # <
(=0.16) 5 JC 1k fsgd (-0. 15) o I JRURS: 4~ 4% B4 T
JRUBSE A 0. 141, B 58I T B A2 7K, L RURS: AR Y
HII 5 AR 32 202 AKL R AR B AR 3 (41,5 ¢/L,
-0.53) AFREAXT 8K (74 % ,-0.50) L HE A
1=1(46. 3 g/LL,-0. 32) AKIR AR BUNFE (8. 2 mmol/L,
-0.31) .4k BNP 4% (140 pg/mL,-0.25) , WLIKl 5E
Fo LiRE5SEFHT SHAP J5 ik BEA% M 4 J5y R4 2 1
il A AL TR , A7 B T2 s HL e 27 > LR AP AU AE
AF AKLAET XU T rf 1) 375 P 82 Al R P it Rk o



2944 ili 4242 R R

20
¥

2243 ,2026,48(20)

http ://aammt. tmmu. edu. cn

R3 TREEKMEZN AL EERELL R

Table 3 Performance comparison of 6 survival prediction models

Model C—index AUC-30d AUC-90d AUC-1 year AUC-3 years
Variable set 1
Cox 0.708(0. 676—0. 737) 0.738(0. 661 —0. 803) 0. 750(0. 691—0. 798) 0.791(0. 744—0. 836) 0. 828(0.777—0. 873)
RCS-Cox 0.704(0. 671—0. 734) 0.716(0. 634—0. 790) 0.741(0. 681—0.792) 0.793(0. 744—0. 838) 0. 828(0. 780—0. 873)
Elastic-net Cox 0.711(0. 680—0. 740) 0.747(0. 672—0. 809) 0. 754(0. 696—0. 802) 0.793(0. 745—0. 838) 0. 836(0. 789—0. 882)
RSF 0.707(0. 678—0. 735) 0. 764(0. 694—0. 829) 0.768(0.713—0. 815) 0. 800(0. 752—0. 844) 0.813(0. 767—0. 863)
XGBoost-Cox 0.724(0. 691—0. 753) 0.761(0. 690—0. 826) 0.776(0. 718—0. 822) 0.815(0. 770—0. 858) 0. 835(0. 788—0. 881)
DeepSurv 0.718(0. 688—0. 745) 0.769(0. 703—0. 830) 0.773(0.717—0. 822) 0.802(0. 752—0. 848) 0. 837(0. 790—0. 880)
Variable set 2
Cox 0.727(0. 699—0. 754) 0. 768(0. 699—0. 828) 0. 783(0. 728—0. 829) 0.809(0. 762—0. 854) 0. 842(0.792—0. 887)
RCS-Cox 0.727(0. 698—0. 754) 0.755(0. 678—0. 821) 0.782(0.726—0. 830) 0.812(0. 764—0. 856) 0. 845(0. 798—0. 888)
Elastic-net Cox 0.728(0.701—0. 755) 0.771(0.701—0. 829) 0. 784(0. 730—0. 829) 0.812(0. 764—0. 855) 0. 843(0. 793—0. 888)
RSF 0. 734(0. 708 —0. 760) 0.793(0. 727—0. 850) 0. 806(0. 756 —0. 845) 0. 828(0. 783—0. 870) 0. 839(0.791—0. 884)
XGBoost-Cox 0.741(0. 713—0. 766) 0.791(0.721—0. 851) 0. 801(0.749—0. 844) 0. 830(0. 785—0. 873) 0. 847(0. 798—0. 890)
DeepSurv 0.729(0. 701—0. 755) 0.754(0. 679—0. 816) 0.783(0.731—0. 827) 0.821(0. 774—0. 866) 0. 844(0.794—0. 891)
Variable set 3
Cox 0.734(0. 706—0. 762) 0.796(0. 731—0. 857) 0.798(0. 743—0. 844) 0.816(0. 772—0. 858) 0.836(0. 787—0. 881)
RCS-Cox 0.734(0. 705—0. 762) 0.785(0. 711—0. 850) 0.797(0. 745—0. 845) 0.817(0.774—0. 861) 0. 837(0.792—0. 883)
Elastic-net Cox 0.735(0. 708—0. 763) 0. 805(0. 741—0. 860) 0.798(0. 745—0. 844) 0.819(0. 775—0. 860) 0. 837(0. 790—0. 884)
RSF 0.744(0.717—0.771) 0. 840(0. 785—0. 888) 0. 829(0. 785—0. 868) 0.837(0. 788—0. 878) 0.831(0. 780—0. 877)
XGBoost-Cox 0.749(0. 722—0. 774) 0. 830(0. 767—0. 886) 0. 815(0.767—0. 858) 0.837(0.794—0. 878) 0. 846(0. 802—0. 891)
DeepSurv 0.741(0.711—0. 770) 0. 821(0.752—0. 882) 0.799(0. 747—0. 848) 0.819(0. 773—0. 862) 0. 838(0. 790—0. 882)
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Figure 4 Time-dependent ROC curves for predicting all-cause mortality at 30 (A) and 90 d (B), and 1 (C) and 3

years (D) in the temporal validation cohort
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A: Calibration curves of 6 models for 3-year mortality prediction with the gray dashed line representing perfect calibration; B: Decision curve analysis
of 6 models for 3-year mortality prediction; C: SHAP feature importance ranking of the XGBoost-Cox model based on mean absolute SHAP values ;
D: SHAP summary plot of the XGBoost-Cox model in the test set; E and F: Local SHAP explanations for representative high-risk and low-risk
individuals with red bars indicating variables increasing the predicted risk and blue bars indicating variables decreasing the predicted risk. BL

indicates the baseline measurement of the indicator, and Onset indicates the measurement of the indicator at AKI onset
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Figure 5 Calibration, decision curve analysis, and SHAP-based interpretability analysis of the XGBoost-Cox model
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