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[Abstract] Objective To screen independent predictors of sepsis-associated acute kidney injury
(SA-AKI) and, by integrating multidimensional clinical data, to develop and validate a visual nomogram
prediction model. The model aims to provide reliable evidence for the early identification of high-risk pa-
tients and optimization of intervention strategies in clinical practice. Methods A retrospective cohort of
236 patients with sepsis treated at the Affiliated Hospital of Guizhou Medical University from February
2021 to February 2025 was included. Patients were divided into a non-complicated group (72=154) and a
complicated group (72=82) according to whether acute kidney injury was present. Clinical data were col-
lected (age, sex, mean arterial pressure, acute physiology and chronic health evaluation [ [APACHE
II ] score, sequential organ failure assessment [SOFA] score, comorbidities, and use of vasoactive
drugs) and laboratory indicators (platelet count, albumin, total bilirubin [ TBIL ], alanine aminotransfer-
ase, aspartate aminotransferase [AST], serum creatinine, C-reactive protein, interleukin-6 [11.-6],
procalcitonin, and lactate). Univariate analysis using SPSS 26. 0 was used to screen potential risk fac-
tors, and independent predictors were determined by binary logistic regression. A nomogram model was
constructed using R 4. 5. Model discrimination, calibration, consistency, and stability were evaluated us-
ing receiver operating characteristic (ROC) curves, calibration curves, the Hosmer-Lemeshow test, and
Bootstrap methods. Results Univariate analysis showed that APACHE 1[I score (16.86%3.57), SOFA
score (8.55+1.89), C-reactive protein (138. 95+19. 36) mg/L., creatinine (93. 66+12. 49) pmol/L, pro-
calcitonin (13.91£3.54) pg/L, TL-6 (10. 15£2.98) pg/L., TBIL (18.98£3.65) pmol/L, alanine ami-
notransferase (47.15%5.84) U/L, and AST (47.68%5.46) U/L were higher in the complicated group
than in the non-complicated group (13.86%3.32, 6.48+1.75, 122.32+18.95) mg/L, (85.65+10.23)
pmol/L, (10.3243.78) pg/L, (6.65+2.36) pg/L, (15.46+2.65) pmol/L, (42.46%4.85) U/L, and
(41.28+4.22) U/L, respectively; all P<C0.05). By contrast, there were no statistically significant dif-
ferences between groups in sex, age, comorbidities (e. g. , hypertension, diabetes), and mean arterial
pressure (all P>0.05). Binary logistic regression confirmed that SOFA score (OR=1.407, 95%CI:
1.078-1.838, P=0.012) , IL-6 level (OR=1.256, 95%CI: 1.058-1.490, P=0.009) , TBIL (OR=
1.219, 95%CI: 1.020-1.457, P=0.029) , and AST (OR=1.198, 95%CI: 1.069-1.343, P=0.002)
were independent predictors of SA-AKI. Based on these four indicators, the nomogram model had an
ROC area under the curve of 0.863 (95%CI: 0.807-0.919) , indicating excellent discrimination. The
calibration curve showed an absolute error between true and predicted values of 0. 044. The Hosmer-
Lemeshow test indicated no statistically significant difference between observed and predicted values (P=
0.412), suggesting good calibration. Bootstrap validation (#=1000) showed a coefficient of variation of
13%, indicating reliable model stability. Conclusion SOFA score, 11.-6 level, TBIL, and AST are the
core independent predictors of acute kidney injury in sepsis patients. The nomogram model constructed
based on these predictors demonstrates high discrimination, good calibration, and reliable stability. All
included indicators are routine clinical tests, are readily available, and, through visualization, can quickly
and quantitatively estimate an individual’ s risk of SA-AKI. This model can effectively address limita-
tions of traditional prediction tools and provides an important clinical reference for early identification of
high-risk patients, timely initiation of interventions, and improvement of patient outcomes.
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B 43 A, Heh 55 133 481], L 103 ], 4F % (62. 67+
4.66) % , 15 ik & (mean arterial pressure , MAP)
g (86. 82+5. 62) mmHg (1 mmHg=0. 133 kPa) . 4}
ABRIE : (1) FF A (2021 4F e 57 5 R T AE IR 7 48 3
[ PR m ) AR DCIZ Wibs il 5 (2) A 5 W 97
F5 =6 h; (3) I IR TR 554 HEBRBRME : (1) &Ik
RAIERERGTE 5 (2) B MR LRI ; (3) G T
o v S A ™ H T RRE A 5 (4) PR A s 5 kS 1Y
AKI, 4B /NE IRIESS 5 (5) F O TR 96 28 51 e 1 fie
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W& AKLS AP, BIARIT R (n=154) JF R4
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2. WA W E IR IR I = VOR, A

FEAEW PR MBS PEZ5 ) MAP Sk B 5 18
P f B BR8P 43 11 (acute physiology and chronic
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i P43 (sequential organ failure assessment, SOFA)
VLR I U BB PR O T 3 B D REAS 5
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bin, TBIL) ., N % iR & J& % # il (alanine aminotrans-
ferase, ALT) | K & 24 TR 2 J& % #% W (aspartate
amino transferase, AST) . Ifil LT (serum creatinine,
Ser) . C W #5 F1 (C-reactive protein, CRP) | FH 41}y
4% 6(interleukin-6,11.-6) . [%45 % J/ (procalcitonin,
PCT) .FL#& (lactate, Lac) o

= it Fa ik
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= W IR & R A AR 5 & B TR
BRI A&
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Tab 1 Comparison of baseline clinical characteristics and laboratory indicators between sepsis patients with and

without acute kidney injury

BN KIEH (n=154) HRH (n=82) i/t P1i
PERI[ 1] (%) ] 0. 047 0.828
e 86(55. 84) 47(57.32)
Erg 68(44.16) 35(42.68)
I [ (%) ] 0.076 0.783
G 42(27.27) 21(25.61)
KEIE 112(72.73) 61(74.39)
BERRIE L(%) ] 1.379 0. 240
“If 31(20. 13) 22(26.83)
KEIE 123(79.87) 60(73.17)
DA )(%) ] 0. 027 0.869
HIF 25(16.23) 14(17.07)
KRG 129(83.77) 68(82.93)
B IREAR 461 (%) ] 0.573 0. 449
G 31(20.13) 20(24.39)
KEFH 123(79.87) 62(75.61)
M AETEVEL D [ (%) ] 0. 487 0. 485
T 26(16. 88) 11(13. 41)
RAE 128(83.12) 71(86.59)
RS (%, Tts) 62.35+4. 58 62.98+4. 71 0.988 0.324
APACHE [ 943 (43, T4s) 13.86%3. 32 16. 86%3. 57 6. 409 <<0. 001
SOFA 43 (43, T£s) 6. 48+1.75 8.55+1. 89 8. 921 <<0. 001
MAP(mmHg,z+s) 86. 65%5. 41 86. 91%5. 89 0.348 0.728
CRP(mg/L,Z+s) 122. 32+18. 95 138.95%19. 36 6.372 <<0. 001
Ser(pmol/L,Z+s) 85. 65+10. 23 93. 66+12. 49 5.294 <0. 001
PCT(pg/L,z%s) 10.3243. 78 13.91+3. 54 7.100 <20. 001
IL-6(pg/L,7ts) 6.65+2. 36 10. 15%2. 98 9.876 <0. 001
Lac(mmol/L,7+s) 5.32+1. 86 5.46+1.92 0.548 0.585
TBIL(pmol/L, F+s) 15. 46+2. 65 18. 98+3. 65 8. 481 <<0. 001
ALT(U/L,Z+s) 42. 4614. 85 47.1545. 84 6.579 <0. 001
AST(U/L,Tts) 41.28+4. 22 47. 68%5. 46 9.986 <0. 001

T : APACHE II 2 2tk AR 3 518 P (@ BERBUIESY 1 s SOF A AP B3 B T P44 43 s MAP S P34 31 ik e ; CRP 2y C- W 2 14 5 Ser My it
WLUEF ;s PCT M 455 2 i -6 8 A ATIE A 25 65 Lac WFLIR s TBIL N BHA Z s AL T HINE IR EIEFE R ; AST I KL AR E LS

Wz PR 28 %68 By T — N R 1 4, i — 4% B AR
SR B b W B 45 4 20 BE L, RIAT A5 1 3% AR
S I A3, 38 ek R AR A QY 4R R S B
0, K A% N BB A R B B (1)

4 =t Logistic [B1H 73 #r A 25 5 19 4 D228 AR
Sy w I R, A B R B R Logi (P) =
-12. 113 + 0. 252XSOFA #F-43 + 0. 205X1L-6 + 0. 112
XTBIL + 0. 135XAST, & H Bootstrap 1 X 5 %Y 16
UE , F A I 26 A1 ROC il 2 452 78 Ft i 2% ge A4 1
PEAR , 45 3 o, B A 8 AUC i 0. 863, 95%CT
0.807~0.919,CV } 13%. RIFHTLH , HSAE
THNAE W) A B 4 XF iR 258 0. 044, ELABE IR SR UL

H-5 WA I 25 5 (P=0. 412) . (K 2~4)
Wi

PR REAE A B SR S 17 2 9 o ) 6 S 2
i % B D RERLAT , O AL o 2 . H A
TN, o B AE AR AN, Al fih 2o B8 S
BB, KA RAEAT BB AL, TP - RAE A2, H
TESRPEDIREZAL BN GEW U PR B 0525 [
MEAET , 2 S EALA R BUZ B DAt
SE A 4 B JE N £ AR R B, I A B
PR AR S 2 8 B D RERE IR IR, G AR,
AT EUR e I A, B R R EAET
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Tab 2 Variable coding description for the binary logistic
regression analysis of SA-AKI

P Atk 4 B A
Y  EEIFAAKI 0=AFf % AKI 4, 1= & AKI 4
X1 APACHET#4r  SEFR{EHA
X2 SOFAiES: EHUNEELPN
X3  CRP SEER{EHA
X4  Scr FPREMA
X5 PCT FPREMNA
X6 IL-6 EHURIERLYN
X7  TBIL EHURIERLYN
X8 ALT SEER{EAAA
X9  AST EHURIEELPN

T« AKT R 200 B 31455 s APACHE [ 2y 2 A 3548 4 et Btk
BLVESr 1 s SOFA Sy J3 51 d B 3 3B 3P4 F 43 s CRP 2 C L R4k 11
Ser JIMLWLEF s PCT o [45 25 I -6 2 (4R A 2 65 TBIL . i1
LLFALT W AR E LR AST W KL AR E L/ .

JE PR i B A B AN BN I, £ B4
T B /N TR A 5 e R OE R S5 R TRE
BUAEPRBEAT , AA5 EME dofe f dote L, 10— 20 Jon e U
B, e AL R BRI K AKT, — BB I, AU Al
P 1 SN2 2 FIE B, 3B 23 14 I 22 45 B DI RE 2 3 XL
W, S EOK | HL AR SRR BT 2L L 5 A 2% B
BT AV ST R E O & AKT Y ™ H A
F RN AU E

£ 7t Logistic [ )443 # , SOFA P43 [ 1L-6.
TBIL \AST J2& 5 Wi e B¢ 4 2 & JF & AKT R 57 5%
i 28, Her s (1) SOF A P43 a5 PF I B ST Lo
A AEE S B S KRR GE I RE Vo0 T i S e 4 &
PIE R A F R Z A E 0. ARG R, IF

KA SOFA P4 T i, 5 Ao i oe 25 R AE AL
S R = P43 B R N ST A B 2o IR E A
B, AT B NS R AR N kB A L S
b S P (108 ol i VA1 ) = 93 @ L i e W
TG, EAEH BN L R AR, R R A
(2)IL-6: HLRZ 3T, I R 1L-6 K HE i, 52
AEBRAE T A5 SR AR L, R 5 LR LS 6 —
J5 1T, 1L -6 1 5098 PN Bz 40 B 3 3k 4l 4R 7 i it v
PEAL AN IR , RIS 1 AR B Pt , 0 4/ U
MR, AT S80CE PO A8 A T A, ELREB A0 /N
B SLIC R AN B A B IR I A R v, SR N
IRFE , DT B 2 5 & AKTY 75 55— i, 1L-6 38 1
A i 1] ke =N e i = BB DI KES TR v 1
il — AP A B k2 ot A ke DR R, n
RS I A, DT SO 25 e MBS 2 T
B AIE T - RAE I A G B s B A
(3) TBIL: LA ZE 73 #7 , 3 & 41 TBIL K5 & L iX
— R E N EEE TR A . — i,
TBIL G5 T L4 N K 20 M ek B B 23+,
AR E P 240 5 AR A P B AN O A B
N, % AR I AL, BH ZE B /INER JE L E T 5 5 — T
11, TBIL & & P Rl AR R AR, AN 2 i) J= 3
RAE N, AT R I 23 A0 B /N SRS, e 3R
o 0 T) 559 T, B B R B /N ) AR R
321220 (4) AST FZAAAE T O MU IE B B I 41 it
w2 4 6 S P A R A N BRI,
AST AR BB LR 05 , T L4 S e B /NAE
R A AZ . AST i3 S B /INVE AN Y cas-
pase-3 I8 T3 i , {1 240 AR PP R AR T [R) B R

R 3 MeERAE B I & AKUI ST 3200 K 2 19 —JC Logistic M1 4387 25 5 (n=236)
Tab 3 Results of binary logistic regression analysis of independent factors associated with SA-AKI(7=236)

ek Bt SEM  Wadld Pl ORfi o

THR R
APACHE [T 43 0.002 0.070 0.001 0.977 1.002 0.873 1.150
SOFA ¥4y 0.342 0.136 6.293 0.012 1. 407 1.078 1.838
CRP -0.017 0.014 1.457 0.227 0.983 0. 956 1.011
Scr -0. 039 0.023 2.810 0. 094 0. 962 0.919 1.007
PCT 0. 037 0. 069 0.284 0.59% 1.038 0. 906 1.188
IL-6 0.228 0.087 6. 820 0. 009 1.256 1.058 1. 490
TBIL 0.198 0. 091 4.758 0. 029 1.219 1.020 1.457
ALT -0. 050 0. 054 0.884 0. 347 0.951 0. 856 1.056
AST 0.181 0. 058 9. 646 0. 002 1.198 1. 069 1.343

kg -9.023 2.387 14. 286 <<0. 001 <0. 001 - -

T AKL R 20ME B 07 s B R LA SR80S, EL AR s Wald BRI ; OR R FUE L s LM EAE X ] s APACHE 11 Ry 2t A 2 55 18 e e
IRBEPESY 1T 5 SOFA g ¥ 5 4 B B PR PE 43 s CRP iy C 2 B3 1 5 Ser M IMLWLEF s PCT A R4S 2 I 1L-6  H AT K 6; TBIL M EHLL &K

ALT AR ERESEH R AST R AR IR
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Fig 1 Nomogram for predicting the risk of SA-AKI(#=236)
T4 MREREAHOC AKIHN L P T 0 A5 7 ] ) 22 55 M Lo
Bootstrap P #BEIESS s 08
Tab 4 Regression coefficients and Bootstrap internal valida- ﬁ 06l
tion results of the nomogram prediction model for SA-AKI &
< n 2 81,
I T oaf -y
SOFATESY  0.252 0.008 0.094 0.008  0.074 0.431 0 02 04 06 08 10
1L-6 0.205 0.008 0.072 0.005  0.069 0.354 B 2G P T AL
TBIL 0.112  0.000 0.078 0.134 -0.042 0.265 I AKT R 2tk B 5
AST 0.135 0.005 0.058 0.017  0.028 0.263 B3 i b e AR G2 P T A 280 (e o i 2
i -12.113  -0.351 2.710 0.001 -18.480 -7.802

TE - ART Dy 2tk W 46 03 5 BRAE 5 AT B0, 105 4 it i 45 2R 3 T
1000 MEHEEFEA ; B N WA REGS. E. ApRiED; CUE X
SOFA N FF B A B s PPAE IF43 5 T -6 Dy A A 36 65 TBIL b 8
RZLER  AST J RAAMREILFL AL -
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Fig 2 ROC curve of the nomogram prediction model for
SA-AKI(n=236)

Fig 3 Calibration curve of the nomogram prediction model

for SA-AKI
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Fig 4 Decision curve analysis of the nomogram prediction

model for SA-AKI
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