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(HZE] H WEIFRIRE E I Klotho £ F7E P UALER 2% > (machine learning , ML) F11 fii
P2 4 ' IE ( chronic kidney disease , CKD) (& R FIET- RS . J5i8 BIFSE R FH Il i i BA B AF 9 5
TS, HE2012 422 7 HZE 2019 4 10 J] 18 H KRR CKD1 ~ 5 HAFEZ AT il A7 225 995 141 9%
LR T 353 N GRAE RN TR IR o 4 47 WUH FIG PRAFAE (G245 135 Klotho & () F T A A 42 {1
A B U ZRAE rh R AR 2 Cox [B1IE1 15 358 1T i 1 XU Rl | Lasso-Cox [B] IS 5278 §ifi 16 XU PR L 22
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2 PRIBE T RS TR Y B R 5 AR A AR 2R A2 1R TAE T4 T TR (area under the curve, AUC) 7EII| ZR4E I
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Construction and validation of a Klotho-based machine learning model for
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[ Abstract | Objective To develop and validate a machine learning ( ML) model based on serum
Klotho protein that can accurately predict all-cause mortality in chronic kidney disease ( CKD) patients.
Methods A retrospective cohort trial was conducted on all the non-dialysis adult patients diagnosed with
CKD stages 1~5 in our department from February 7, 2012 to October 18, 2019. They were assigned into a
training set and an internal validation set in a ratio of 7:3. A total of 47 clinical features, including serum
Klotho protein level, were used as variables to inform these models. Based on the training set, univariate Cox
regression model was employed to screen out the possible risk factors for all-cause mortality, and Lasso-Cox

regression model was further applied for the screening. Then multivariate Cox stepwise regression analysis was

[(BE€TH] EXRAABFEE XA L RIKA A4 (U22A20279) ; 31 R B AR AIHT 5 W & e £ 5 5 2455 H (CSTB2023TIAD-KPX0060)
[{EE1EE] #B5R%, E-mail; zhaojh@ tmmu. edu. cn

2097-0927/ Copyright © 2024, FHZEZEEE K (5 =EERF) o R ITFHORICCE g CC BY 70 P (https://creativecommons.org/ licenses/by/4.0/)



860

Bl 25 % R R 2241k, 2024, 46(8)

conducted to develop a nomogram risk prediction model for all-cause mortality, and the model performance was
evaluated through internal validation. Results There were totally 400 patients enrolled in this trial, and 280
of them (including 52 dead and 228 survival ) were assigned into the training set and other 120 (including 21
dead and 99 survival ) into the validation set. For the constructed 5-year all-cause mortality risk prediction
model, the area under the curve (AUC) value was 0. 760 (95%CI. 0. 676~0. 844 ) in the training set and
0.788 (95%CI. 0.679~0.897) in the validation set, and the overall C-index was 0. 755 (95%CI . 0. 685~
0.826) and 0.720 (95%CI; 0.614~0. 826) , respectively in the 2 sets. Univariate Cox regression analysis
showed that age, history of cardiovascular disease( CVD) , cystatin C( Cys-C) , alkaline phosphatase (ALP) ,
albumin, eosinophil ( EOS) count, hemoglobin (Hb) , complement C3, calcium, C-reactive protein (CRP) ,
TNF-a and serum Klotho protein may be predictive factors for all-cause mortality ( P<0.05). Multivariate Cox
stepwise regression analysis finally screened age, albumin, complement C3 and serum Klotho protein as
independent predictors ( P<0.05). Based on these 4 predictors, a risk prediction model for all-cause mortality
was constructed and validated. Conclusion A Klotho-based risk ML model for predicting all-cause mortality
in CKD patients is successfully developed and validated. Advanced age is a risk factor, and higher albumin,

complement C3 and serum Klotho protein levels are protective factors for all-cause mortality in CKD patients.
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o U A 25 R R, 2 BRI EIA CKD AR 8 5 A
11%~13%""" | i A RO T 8.5 12, [E CKD f#
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SCHAIER A e N, BEREARUE S lambda. min, @)Xf T
it A T R -, R AT 2 R Cox [B1IH 43 #7 (1825
12, 8Un) ) BRE A S 0 R - (P<0. 05) . @5 Tl 37
TOUIN D] A e T A Y 5] £ PR, %o T R S A £ R 2R A T
bootstrap FHIFE IR , 22 i A% 1 1 2 DATE Al A A v B
i 20 38 5 I R] OB 1 52 35 A 1 £k (receiver

operating characteristic, ROC) i34, B i 4 T |
FH(area under the curve, AUC) . —F 354 (C $5%0)
SEFERR, VA LSRR . S AL Y 51 £k K] A TR
FERE SR T AT 2P B0 E . @RS 2k IR
TR T A WETER R B I gReE b, LI4 A
FETNEE Ry AR 51 26 DY 53 1) i A AT (DK T A5 AT
U RIEAT i AR 734, i — 25 23] Kaplan-Meier
HHZkHEAT Logrank KB g5k

2 #R

2.1 Shey R &4

RN A 400 Hil9E % Hr CKD1 ~ 5 Bi9E#& Hr
B 47 R AR T 1 AN S E AT,
1EF-1 6. 62 A Y ] rp , oAy 73 4 (18.25% ) i
BIET: ., BENLIT AR K g g I ZR4E 280 i, 45
UESE 120 5, YIZREEAG 52 BiIFET:, 228 171 ; B ik
A 21 ZFE12,99 BILETE , I 54 F0 56 Ik 5 AN [a] 45
PR ZBIEA T B 225 (P>0.05,%£ 1), BEMA
e G T | S% 50 2 A0 0 25 R 1 B 4R 1 O
TR 1,
2.2 #EZE Cox §)25MLR

FINGREE TP AZ B ABRIA R Cox [H1IH 70 Afr &l R
BTN o CIRTIN (TR= R 27 h ol ik (- O 8 e 3 3R
AR IR MR 40 L I 21 8 11 fMA C3 485 . C
B MIEIRSE R -0 (TNF-o ) PL S I Klotho 25 H
Al figsE e EAE T A Al R - (P<0. 05,3 2) .
2.3 Lasso-Cox BE7 5 K6 B -F &9 §f it

F R E R A 2 m A M, A SO R R
Cox [FJF53#rH P<0. 05 2514 A Lasso-Cox [A] | 1
H FEREREA AL Lambda 2R ] 100 % 10 %528 S HIE
B N (N =0.014 3), 4R A lambda. min
(1) 8 TARIE DEIR C BRPEREIR G . IR E
WE TR MR A M AMA C3 55 C RV ] TNF-a0 DA R
M7 Klotho F 3L 10 MEFREUE BN AZH R Cox
B,
2.4 AELTRETRR AR 6 E

AMFFERT Lasso-Cox BLRYGBE H 1 10 4 fE ks A+
MAZIHER Cox BIHHT (B AE) ik 4 A7
A - (P<0. 05) , 43 B AR FAE E HMA C3 %
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&1 CKDI1~5HIEEMBERNELIFE (M(Py,Pys) 245,51 (%) |
At SAFE (n=400) YILE (n=280) BrEdE (n=120) p

T 73 (18.25) 52 (18.57) 21 (17.50) 0.799
BETB ]/ A 77.97 (57.11, 81.88) 77.45 (52.95, 80.74) 78.83 (60.91, 82.11) 0.181
AR % 47.00 (39.00, 58.00) 47.00 (38.75, 57.00) 48.00 (39.75, 60.00) 0.429
B 213 (53.25) 142 (50.71) 71 (59.17) 0.121
BMI/ (kg/m?) 23.28+3.39 23.25+3.32 23.35+3.56 0. 790
TGRS

MA 299 (74.75) 208 (74.29) 91 (75.83) 0. 488

WA 44 (11.00) 34 (12.14) 10 (8.33)

AE 57 (14.25) 38 (13.57) 19 (15.83)
g s 74 (18.50) 53 (18.93) 21 (17.50) 0.736
WEIR I 31 (7.75) 21 (7.50) 10 (8.33) 0.775
T L 112 (28.00) 76 (27.14) 36 (30.00) 0. 560
e 4 ./ mmHg 138.00 (126.00, 152.25) 140.00 (127.00, 154.25) 135.00 (124.75, 150.00) 0. 059
#F5KE/mmHg 86.00 (78.00, 95.00) 86.00 (78.00, 95.00) 85.00 (77.00, 93.00) 0.322
eGFR/ (mL/min + 1.73 m?) 16.86 (7.84, 43.15) 15.83 (7.50, 41.59) 23.35 (8.68, 46.79) 0.135
JRZ/ (mmol/L) 13.32 (8.26, 22.13) 13.48 (8.83, 22.66) 11.54 (7.22, 19.20) 0. 041
JRWR/ (umol/L) 495.56+122. 88 504.31+125.25 475.16£115. 10 0.025
B2 ¢/ (mg/L) 3.18 (1.80, 4.59) 3.33 (1.96, 4.65) 2.67 (1.64, 4.41) 0.073
WL AE A/ (mg/L) 73.00 (54.00, 98.00) 74.00 (55.00, 98.00) 72.00 (51.98, 99.25) 0.775
24 h JREAER/ g 1.52 (0.70, 2.99) 1.57 (0.80, 3.23) 1.35 (0.52, 2.86) 0.102
24 h R A/ mg 1016.25 (314.45, 2 260.10) 1 052.00 (372.15, 2298.58)  845.00 (242.54, 2 216.01) 0. 160
SRS 8 11/ WUBF/ ( mg/mmol ) 428.60 (133.50, 1475.03)  459.35 (140.12, 1472.70)  378.05 (128.50, 1 477.55) 0.614
FHEEAE/ (/L) 3.25 (2.77, 3.75) 3.31 (2.82, 3.92) 3.08 (2.57, 3.63) 0.014
B PERERR R (U/L) 65.00 (53.00, 85.00) 66.00 (53.00, 87.25) 64.00 (53.98, 79.50) 0.288
JBFEEE/ (mmol/L) 4.57 (3.75, 5.45) 4.59 (3.74, 5.65) 4.44 (3.71, 5.16) 0.234
Hil =8/ (mmol/L) 1.52 (1.10, 2.14) 1.50 (1.08, 2.11) 1.58 (1.18, 2.23) 0.358
% B NS 7R A AE [ 2/ ( mmol /L) 1.08 (0.91, 1.31) 1.10 (0.92, 1.35) 1.05 (0.88, 1.27) 0.203
A1 25 B g 2 1 A i/ ( mmol /1) 2.76 (2.19, 3.40) 2.80 (2.19, 3.47) 2.75 (2.22, 3.18) 0.212
HEE/ (/L) 38.75 (34.00, 42.40) 38.60 (34.00, 42.00) 39.75 (34.00, 43.47) 0. 207
40/ (10°/1) 6.23 (5.15, 7.54) 6.24 (5.08, 7.60) 6.19 (5.42,7.38) 0. 841
PRI ZR L/ (10°/1) 4.16 (3.36, 5.33) 4.21 (3.33, 5.35) 4.08 (3.44, 5.18) 0. 890
WE4HH/ (10°/1) 1.35 (0.99, 1.73) 1.30 (0.96, 1.66) 1.48 (1.02, 1.82) 0. 047
WERR PRI 2L/ (10°/1) 0.12 (0.06, 0.22) 0.12 (0.06, 0.23) 0.12 (0.06, 0.21) 0.935
BN (10°/1) 0.38 (0.28, 0.50) 0.39 (0.28, 0.50) 0.38 (0.28, 0.49) 0. 646
BEWK L 3.42 (2.61, 4.78) 3.44 (2.64, 4.78) 3.32 (2.44, 4.68) 0. 364
ML E/ (/L) 101.00 (81.00, 124.25) 99.50 (81.00, 120.25) 109.50 (81.75, 131.25) 0. 050
iR/ (10° /L) 169.00 (131.00, 219.00) 172.00 (131.00, 219.25) 163.00 (132.25, 212.75) 0.553
CD4 T 2y 452.00 (359.00, 585.00) 446. 00 (348.00, 572.00) 468.00 (396.00, 604.00) 0. 094
CDS8 T 4 400. 00 (308.00, 558.00) 398.00 (304.00, 564.00) 408.00 (320.00, 540.00) 0. 444
CD3 T Zjify 888.00 (728.00, 1209.00)  876.00 (720.00, 1208.00)  944.00 (758.00, 1 213.00) 0.178
CD4/CD8 1.09 (0.85, 1.42) 1.07 (0.86, 1.39) 1.16 (0.83, 1.52) 0.416
*ME C3/(g/L) 0.74 (0.64, 0.86) 0.73 (0.63, 0.84) 0.77 (0.67, 0.88) 0. 055
*MA €4/ (mg/dL) 20.30 (17.00, 24.50) 20.20 (16.60, 24.40) 21.15 (17.80, 24.90) 0.298
£E/(mmol/L) 2.18 (2.06, 2.28) 2.18 (2.06, 2.26) 2.21 (2.09, 2.29) 0.111
£/ (mmol/L) 0.85 (0.77, 0.93) 0.85 (0.77, 0.93) 0.85 (0.76, 0.92) 0.918
%/ (mmol/L) 1.26 (1.08, 1.60) 1.29 (1.08, 1.61) 1.23 (1.07, 1.53) 0.273
FR 322/ (pg/mL) 112.00 (53. 15, 265.25) 123.10 (56.00, 265.25) 95.15 (49.40, 251.25) 0.279
C RV MH/ (mg/L) 2.90 (1.90, 5.23) 2.95 (2.00, 5.30) 2.65 (1.80, 5.00) 0. 347
IL-6/ (pg/mlL) 3.15 (2.10, 5.23) 3.33(2.12, 5.81) 2.90 (2.10, 4.32) 0. 068
IL-8/ ( pg/mL) 7.33 (5.00, 11.50) 7.83 (5.00, 12.70) 6.74 (5.00, 10.22) 0.041
TNF-o/ (pg/mL) 12.30 (8.90, 16.60) 12.55 (9.20, 16.90) 11.10 (8.78, 15.88) 0.108
Klotho 2[4/ ( pg/mL) 684.65 (340.94, 1079.07)  653.51 (327.92, 1 117.75)  692.26 (367.41, 1 000.00) 0.978
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#&2 CKD1~5 B EBEMBHFNGEHAREER Cox @FSH

A EVEEY bR ittt HR (95%CI) P

HERTS 0.052 0.010 5.279 1.053 (1.033, 1.073) <0.001
531

Bk 0. 000 reference

4k -0.027 0.277 -0. 097 0.974 (0.565, 1.677) 0.923
BMI -0. 064 0.043 -1.483 0.938 (0.863, 1.021) 0.138
W2 K

MA 0. 000 reference

A 0.377 0. 390 0. 966 1.458 (0.679, 3.131) 0.334

PTE 0. 109 0.412 0.263 1.115 (0.497, 2.501) 0.792
SO I A 9 95 B

¥ 0. 000 reference

# 0. 689 0.301 2.291 1.991 (1.105, 3.588) 0.022
T PRI s

¥ 0. 000 reference

H 0.386 0.471 0.819 1.471 (0.584, 3.705) 0.413
e I S

JG 0. 000 reference

4 0.272 0.296 0.921 1.313 (0.735, 2.344) 0.357
e s 0.007 0. 007 1.084 1.007 (0.994, 1.020) 0.278
KR -0.016 0.010 -1.626 0.984 (0.965, 1.003) 0. 104
eGFR -0.011 0. 007 -1.687 0.989 (0.977, 1.002) 0. 092
R 0.018 0.013 1.411 1.018 (0.993, 1.043) 0.158
PRIR 0. 001 0. 001 0. 661 1.001 (0.999, 1.003) 0.509
BEHIZ C 0. 196 0.083 2.373 1.217 (1.035, 1.432) 0.018
s S -0. 002 0.005 -0. 430 0.998 (0.989, 1.007) 0. 667
24 h JREAER 0.026 0. 050 0.517 1.026 (0.931, 1.131) 0. 605
24 h RMEAEN 0. 000 0. 000 0. 145 1.000 (1.000, 1.000) 0. 885
PRASCE (18R 1/ JULEF 0. 000 0. 000 0. 808 1.000 (1.000, 1.000) 0.419
FYEE AR 0. 088 0.143 0.614 1.092 (0.825, 1.446) 0.539
P B R 0.011 0.003 3.457 1.011 (1.005, 1.017) 0.001
o -0. 044 0.074 -0.588 0.957 (0.827, 1.108) 0.557
Hh =g -0.117 0.125 -0.938 0.890 (0.697, 1.136) 0.348
T R S A 1 IE 0.204 0.337 0. 605 1.226 (0.634, 2.373) 0.545
A 25 P N 2 1 I T -0. 134 0.121 ~1.111 0.875 (0.690, 1.108) 0. 266
HEM -0. 041 0.017 -2.382 0.960 (0.928, 0.993) 0.017
40 0.028 0. 060 0.472 1.029 (0.915, 1.156) 0. 637
rp R AN A 0. 031 0.070 0. 444 1.032 (0.899, 1.184) 0. 657
Pk EL 41 -0.197 0.247 -0.798 0.821 (0.506, 1.332) 0.425
W T b AN 1.425 0.470 3.033 4.160 (1.656, 10.451) 0. 002
FRAZ AN 0.718 0. 646 1.111 2.050 (0.578, 7.276) 0.267
HEWE L 0. 044 0. 035 1.245 1.045 (0.975, 1.120) 0.213
JiliRAR: 4= -0.013 0.005 -2.377 0.987 (0.977, 0.998) 0.017
/MR 0.001 0. 002 0. 440 1.001 (0.997, 1.005) 0. 660
CD4 T 4 -0. 000 0. 001 -0.574 1.000 (0.998, 1.001) 0. 566
CD8 T 4 jifi -0. 000 0. 001 -0.759 1.000 (0.998, 1.001) 0. 448
CD3 T 4 -0. 000 0. 000 -0. 669 1.000 (0.999, 1.000) 0.503
CD4/CD8 -0. 056 0.333 -0. 169 0.945 (0.492, 1.815) 0. 866
A €3 -2.280 0. 884 -2.578 0.102 (0.018, 0.579) 0.010
*MA ca -0. 042 0. 024 -1.731 0.959 (0.914, 1.006) 0.083
fE -1.290 0. 468 -2.758 0.275 (0. 110, 0.689) 0. 006
b 0.014 0.925 0.016 1.015 (0.165, 6.222) 0.988
i 0.273 0.231 1.183 1.314 (0.836, 2.065) 0.237
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IL-6 0. 000 0.005 0.071 1.000 (0.992, 1.009) 0.943
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TNF-a 0.025 0. 007 3.610 1.025 (1.011, 1.039) <0.001
Klotho & [ -0. 001 0. 000 -2.310 0.999 (0.999, 1.000) 0.021
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