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erating characteristic curve, ROC B BEA 117 CTSS R KIM-1 /K F-%F T1DM £ DKA L& 4= AKI
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[Abstract] Objective To address the clinical gap in predicting acute kidney injury (AKI) in chil-
dren with type 1 diabetes mellitus (T1DM) complicated by diabetic ketoacidosis (DKA) , and to system-
atically investigate the predictive value of serum cathepsin S (CTSS) and urinary kidney injury molecule
1 (KIM-1) using least absolute shrinkage and selection operator (LASSO) -logistic regression and ran-
dom forest algorithms, thereby providing a basis for early identification of high-risk children in clinical
practice. Methods A retrospective study included 106 children aged 5-14 years with T1DM complicated
by DKA who were admitted to Tianjin Children’ s Hospital (Children’s Hospital, Tianjin University)
from January 2022 to January 2024. According to Kidney Disease: Improving Global Outcomes criteria,
the patients were divided into an AKI group (27 cases) and a non-AKI group (79 cases). General clinical
data and laboratory indicators were collected. Serum CTSS and urinary KIM-1 levels were measured us-
ing enzyme-linked immunosorbent assay. LLASSO regression was used for variable selection, and Logis-
tic regression was applied to identify independent influencing factors. A random forest algorithm was used
to construct the prediction model. Receiver operating characteristic (ROC) curves were used to evaluate
the predictive value of serum CTSS and urinary KIM-1 for AKI in children with T1DM complicated by
DKA. Results Compared with the non-AKI group, the AKI group had higher levels of albumin
([46.16%5.95] g/ vs [41.9745.41] g/L), blood glucose ([33.29+8.06] mmol/L wvs [26.27+7.31]
mmol/L.), uric acid (462. 94 [380. 35, 556. 11] pmol/L vs 305.28 [245. 85, 396.21] pmol/L), serum
creatinine (73.62 [68.25, 80.34] pumol/L vs 41.18 [37.38, 45.92] pmol/L) , blood urea nitrogen
(9.32 [6.83, 12.52] mmol/L wvs 4.82 [3.41, 5.87] mmol/L) , corrected serum sodium ( [140. 56+
5.67] mmol/L vs [135.8445.49] mmol/L) , and hematocrit ( [43. 05+4.85]% ws [36.97+4.28]% ) ,
with statistically significant differences (P<C0.05). Serum CTSS (1643. 42 [740. 28, 1888.60] ng/L wvs
461.57 [379.09, 569.24] ng/1.) and urinary KIM-1 (862.65 [760.72, 1005.95] ng/L wvs 397.52
[342.52, 463.98] ng/L.) were also significantly higher in the AKI group than in the non-AKI group
(P<<0.05). Multivariable Logistic regression showed that uric acid (OR=1.019, 95%CI: 1.002-
1.036) , hematocrit (OR=1. 419, 95%CI: 1.026-1.964), CTSS (OR=1.003, 95%CI: 1.000-1.005),
and urinary KIM-1 (OR=1. 009, 95%CI: 1. 002-1.016) were independent factors associated with AKI in
children with T1DM complicated by DKA (all P<C0.05). In the random forest model, the importance of
variables in descending order of predictive contribution was urinary KIM-1, hematocrit, uric acid,
CTSS, blood glucose, corrected serum sodium, and albumin. ROC analysis showed that both CTSS
[area under the curve (AUC)=0. 849] and urinary KIM-1 (AUC=0. 850) had good predictive value, and
their combined prediction of AKI in children with T1DM complicated by DKA improved the AUC to
0.939 (both P<<0.05). Conclusion Serum CTSS and urinary KIM-1 can serve as effective predictive
indicators for AKI in children with T1DM complicated by DKA, and their combined use can significantly
improve predictive accuracy, providing a reference for early clinical intervention.
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Tab 1 Comparison of general characteristics of children between the two groups
i H AKIH (n=27) 4k AKT 4 (2=79) U/l P&

AR [ 1(%) ] 0.031 0. 859

5~6% 8(29.63) 22(27.85)

>6~14% 19(70. 37) 57(72.15)
PESI[ 1] (%) ] 0.108 0.742

% 15(55.56) 41(51.90)

L 12(44. 44) 38(48.10)
Wi i (mmHg , Tts) 115. 1447. 82 113.9247.55 0.719 0.473
&5k (mmHg, T+s) 73.26%5. 12 72.88+4.97 0.333 0.740
bk it pHAE 7.21(7.13,7.26) 7.21(7.14,7.25) 1051. 500 0.913
HCO; (mmol/L) 8.87(5.71,10.33) 7.87(6.17,9.40) 1056. 500 0.942
HEM(g/L,Tts) 46.16%5. 95 41.9745. 41 3.230 0. 002
M4 (mmol/L, T+s) 33.2948. 06 26.27+7.31 3.998 <<0. 001
IR (mmol/L) 3.90(2.79,4.35) 3.89(2.84,4.27) 1041. 000 0.853
BEAL LR 1 (%, T4s) 13.0142. 34 12.56+2. 18 0.911 0. 364
JRI# (pmol/L.) 462. 94(380. 35,556. 11) 305. 28(245. 85,396. 21) 407.500 <20. 001
14 (mmol/L, Z+s) 4.2741.83 4.051. 26 0. 692 0. 491
I AL (pmol/1) 73.62(68.25,80. 34) 41.18(37.38,45.92) 40. 000 <0.001
MR FE A (mmol /L) 9.32(6.83,12.52) 4.82(3.41,5.87) 202. 000 <<0. 001
15 (mmol/L, Z+s) 99. 67+6. 75 100. 40+6. 81 0.482 0.631
MM 4R (mmol /1, s ) 140. 56%5. 67 135. 8445, 49 3.763 <<0. 001
MM 20 (}10°/1., Ts) 14. 6246. 13 13. 84+6. 08 0.575 0.567
/MR (X107/1.) 332.12(243.83,411.84) 302. 68(226. 07,376. 89) 985. 000 0.555
LLAMA AR (%, T+s) 43.054. 85 36.97+4. 28 5.789 <<0. 001

T AKD 2 PE 454551 mmHg=0. 133 kPas B IE A BRFR AL, B0 M(Q,, Q,)

®2 WLLEILCTSS JRKIM-1KF 8 M(Q,,Q,) ]
Tab2 Comparison of serum CTSS and urinary KIM-1 lev-
els of children between the two groups [M(Q,,Q;) ]

415 1%

CTSS(ng/L) JRKIM-1(ng/1.)

AKI# 27 1643. 42 862. 65
(740.28,1888.60) (760.72,1005. 95)

JE AKI4H 79 461.57 397.52
(379.09,569. 24) (342.52,463.98)

UM - 323. 000 321. 000

P{E - <<0. 001 <<0. 001

TE : AKLA 2P B 351407 5 CTSS S 2L i S KIM-1 2 ' 4
Bisrr1.
M2 A5 TE A 214 AR IV CTSS VR KIM-17K
V-2 TR AKTAL, R WX SEF8FR 19 578 K3k
FIRE S AKT I &R VIAHOC, R, TEZ K& Lo
gistic [FH 70 Hreh, FAR F L I0BE B A T A 0 A ik
i AKT ST 52 0 PR 2R, G PR AT BB 742 6 (6] A7
FEALZRPE ROR AN o 7F DKA X — S M B A
T, v R B K Rz Sy i AR TEAE e ) Bl ik
247 (A] B T B0 2 AR ) S5 S W AR ) A0
YA SC I RAE SR, 2L [FIA B T AKTOIGH2

&3 TIDMDKA LI & AKTRYZ N Logistic [0
5317 (2=106)
Tab 3 Multivariable logistic regression analysis of AKI in
children with T1DM complicated by DKA (#=106)

EE bR Wald
S P i P{Hi ORfH
HEH  0.070 0.124 0.314
RT3 0.153 0.106
PRIR 0.019 0.008

2
4
MAEIESN  0.378 0.232 2.650
4
5
5

95%CT

0.575 1.072 0.840~1.367
2105 0.147 1.166 0.948~1.435
0.026 1.019 1.002~1.036
0.104 1.459 0.926~2.298
LIYNIEEFL 0.350 0.166 4.468 0.035 1.419 1.026~1.964

CTSS  0.003 0.001

JRKIM-1  0.009 0.004
FE: T1DM 1 BUBE BRI s DKA B PR TR 1 11 8 5 AKT O 2
PEE 7 s CTSS WA LRE M S KIM-1 B8543 1.
P AKT) % A 09 XURS 9 55 o 2100 5 2 g JBE A G
AR bR — R A 22 DR SRR I, S5 R 2 531 O 0 1B
EEHG P TR0 R A B | B HA AR e S R D
MR- ABFSE Y, IR AL 20 i R T g
Fe o B WA ST PR A AN R A SR AR Y Fs
PR AT RETR T T LR L EA T AR AR 5 R

.452°0.020 1.003 1.000~1.005
.931 0.015 1.009 1.002~1.016
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Fig 1 Ranking plot of variable importance in the random

forest prediction model (1#=27)
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Fig 2 ROC curves of CTSS and urinary KIM-1 for diagnos-
ing AKI in children with T1DM complicated by DKA(#=106)
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