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(FAE] BE @ al B0 BE (L5 & B RS (acute kidney disease, AKD) FURERL Jf %) HALBEHATIT
#ro ok BUBIMGESEA 2017 4F 1 H—2022 4F 1 AT 249N K58 — B Be i AL B Be A Ak o AR 1 e 29 i) 2
B R AKD, KAk AKD 4UAEE AKD 41, F£4% 7« 3 HBIRENL A A I ZREE MR 4E . R AL IR IR 7ERE, SR A
LASSO [ FIZ £ Logistic 8] I3 3k i AT RE Ak f# % A: AKD B9 8200 R 2 3 e ST ORI | R I 32380 TARSRAE i £
AL R IR M e XA T PR, R I AERF G A 5 HE bR b5 oE 1 I 68 4k 2 5 796 i), Hovh AKD 41
103 %1, i AKD 41 693 f5il; il %% 561 5, L4 235 fi, LASSO FIHF L K Logistic [F1JHZE 5 R, IR L
(OR=2.922, 95% CI; 1.290~6.564, P=0.009) ., KL (OR=6.210, 95% CI; 2.278~17.479, P<0.001) . jHfki&
Hifl (OR=2.501, 95% CI. 1.236~5.073, P=0.011) . /K (OR=3.219, 95% CI. 1.664~6.539, P<0.001) . %
(OR=0.477, 95% CI. 0.254~0.879, P=0.019), M1 (OR=0.987, 95% CI. 0.975~0.999, P=0.044) . HEH
(OR=0.952, 95% CI; 0.911~0.991, P=0.023) . HEILAFHIE] (OR=0.865, 95% CI.; 0.779~0.920, P<0.001) J2/Fif
fLRE KA AKD BN EIAEER , JF R g 2 I oM i), TR IR e | B R g rh Toui) F A 4k 28 35 & A= AKD
it RS54 0. 895 (95% CI. 0.865~0.925), 0.869 (95% CI. 0.807~0.930); AeHEMh4 Wox, A RIA B,
—EE R IR ML B, BT S 6RO TN AKD % A= XU w] (i AT RE Ak s & 3RS, &6 BTN, B
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[ Abstract] Objective

(AKD) in liver cirrhotic patients and evaluate its performance. Methods

To establish a model that can predict the occurrence of acute kidney disease

Liver cirrhotic patients who hospital-

ized in the department of gastroenterology of the First Hospital of Lanzhou University from January 2017 to January

2022 were retrospectively included. They were divided into AKD and non-AKD groups according to whether they

were combined with AKD during hospitalization, and were randomized into training and validation sets ina 7 : 3

ratio. The clinical data of patients in the two groups were collected, and LASSO regression and multifactorial Lo-

gistic regression were used to screen the influencing factors for the occurrence of AKD in patients with liver cirrho-

sis and to establish a prediction model. The model was then evaluated by using the receiver operating characteris-

tic curve, the calibration curve and the clinical decision curve. Results

A total of 796 cases of liver cirrhotic pa-

tients who met the inclusion and exclusion criteria were enrolled. Among them, 103 cases were in the AKD group

and 693 cases were in the non-AKD group; 561 cases were in the training set and 235 cases were in the validation

set. The resulis of LASSO regression and multifactorial Logistic regression showed that a history of diabetes (OR=
2.922, 95% CI. 1.290-6.564, P=0.009), hepatic encephalopathy (OR=6.210, 95% CI; 2.278-17.479,
P<0.001), gastrointestinal bleeding (OR=2.501, 95% CI. 1.236-5.073, P=0.011), ascites (OR=3.219,
95% CI. 1.664-6.539, P<0.001), male (OR=0.477, 95% Cl. 0.254-0.879, P=0.019), hemoglobin
(OR=0.987, 95% CI. 0.975-0.999, P=0.044), albumin (OR=0.952, 95% CI. 0.911-0.991, P=0.023),
and prothrombin time (OR=0. 865, 95% CI. 0.779-0.920, P<0.001) were the independent influences on the

occurrence of AKD in liver cirrhotic patients, and were used to construct a prediction model. The area under the

curve of the model in the training set and validation set for predicting the occurrence of AKD in liver cirrhotic pa-
tients was 0. 895 (95% CI; 0.865-0.925) and 0.869 (95% CI. 0.807-0.930), respectively. The calibration

curves showed that the model had good fit and consistency and the clinical decision curves showed that the use of

the model for predicting the risk of AKD could benefit liver cirrhotic patients overall. Conclusions

A prediction

model for the occurrence of AKD in liver cirrhotic patients was established based on eight influencing factors, in-

cluding gender, history of diabetes, and hepatic encephalopathy. It was validated to have good discrimination,

calibration, and clinical utility, and is expected to assist in the clinical early screening and identification of liver

cirrhosis-associated AKD.

[ Key words] liver cirrhosis; acute kidney disease; nomogram; predictive model
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2017 A2k A BR RS BUG A E AR I T &
P WEHS  (acute kidney disease, AKD) 412 W bx
He ) HEUATE ORI, LR SOk Ak B R
(acute kidney injury, AKI) JHzhFHFE=7d, B
AKT 1 sl ™ 5 A9 B T RE S, HL A5 22 I ) i i
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90 d i) AKD 8kl 218 P BESS  ( chronic kidney
disease, CKD)'”’, Tonon % '8 FE#F 52 H 584 T AKD
Xof T A A AR 0 J B iR 3R A 324 AT
WEfe /B &, Rl U7 BT 3 113 B (34.88%) Kk
AKD; RILE R, K4E AKD BEM 5 FRT- %
W@ TARLLE AKD & (P<0.001); ZHEH
7R, AKD #f € 2 5 4F 8 T 5y A 7 il
(HR=3.27, P<0.001) . Kellum P #5550, 4
5 0 Ak 7 P9 %) B 30 T A A 2 AKD ) = fE
FE, IR R T LASE U] G I il B 0RYT . BT
T B R TS AL = — T A i XU P 7
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If S H 2 P TSR, LI Ayl PR DR SR A 1 3T 42
L EETE A

1 AR

L1 BRIK

AW SE g [l B A B AIE 5T, i 2R A 2017 4
1 H—2022 4 1 H T2 N5 — BE B il AL RHME BE Y
WFREALEB . IAPRME: (1) ZEBIRRRI, MK
FARbR L AR A NI RS R, B2 IR AL
(2) HFiE=16 %, fEBRbRHE: (1) 2WAHE AL TR
AL (2) MRS L (3) &
JRGHEME ; (4) AKLiZWIAHDCHE bR AEEBR R 3

HRFE A B 0 1) 2 75 A= AKD, K5 A2 1 6 4k
AR AKD 41 5k AKD 41, JF4 7 ¢ 3 HBlR AL
oo IR AR B IE 4 e AKD B¢ E YO8 A A
AKI“”, gy Ifl L BT ( serum creatinine, SCr) 30>
50% , Ah B E)E /NBRIE LR (estimated glomerular
filtration rate, eGFR) <60 mL/ (min - 1.73 m?), B%
eGFR BIELFEME =35%, FFZimfm<3 A~ H, Bikie
Wb ERT & 2021 4F 3% 42 2R P RIS T 20 2R A3 1Y
FERT O AKT Wi bR E: 7 d N SCr L T >
50%, 5% 2 d N SCr FHiE>26. 5 pmol/L, HiJR i <0.5
mL/ (kg-h), FFg6 h,

AHFFEC B 22 R 5 — BE B AR PR A 23 D1 2%
At (S . LDYYLL2023-407), JFH4 6 & A1E
h=w
L2 WRFAE
1.2.1 B

AT LT D AR SR SR IR R TR (2R
1B F8 2 R U B I 9 i PR BT RHS BN ), B T
W AERE . FERETE) | (RBTEAR A, WO R, K
WL (KR RRARTR . AL, s ) |
il . AFREALT A 25 BRAL N B TR IRST
FERAE . BRI IRBEAL (model for end-stage liver
disease, MELD) PR, MR e b4, Hoh It &E
G K BRI T AE L G IR LR
EHESE . IR KA T AR AR R R
Fhr (AKD 40 A B2 Ja B KN 45 2R, E AKD
AUNABEE BRI E R ) A (1) MmEM. 20
Y (red blood cell, RBC) . IMZL&HEH (hemoglobin,
Hb) . 40 EF (hematocrit, Het) . Z140 05375 T
& bR #E 2 ( standard deviation of red blood cell
distribution width, RDW-SD) . £L 4fi i 43~ 1 % i 75 5

ZH (coefficient variation of red blood cell distribution
width, RDW-CV) . FH4ifl (white blood cell, WBC) .
FPPERIANAE E 2 HE (neutrophil percent, Neut%) . H
PERLANMIZE X {E (neutrophil, Neut) | 7 EL 41 ifd 4 Xof
{6 (lymphocyte, Lymp) . SAZAHMIZEXHE (monocyte,
Mono) . Ifil/M (platelet, PLT); (2) FFEIIfE: &
FiHEZ M (aspartate aminotransferase, AST) . 4% N
Z B (alanine aminotransferase, ALT) | A B B/
KRR, HEAE (albumin, ALB) ., BAHLE
HiE M R, M 8RR B (alkaline phosphatase,
ALP) | y- AL BB ( Gamma-glutamyl transfer-
ase, GGT), —4fbik, MIRFE, SCr; (3) MR
KAk If4W (natrium, Na) ., L8 (kalium, K).
154 (chlorine, Cl) . Ifil%5 (calcium, Ca); (4) ¥E
IMAEAR . BE I B J5 ] ( prothrombin time, PT) . &
A8 73 85 1L 755 W B (] (activated partial thromboplastin
time, APTT) . BEILAGESE] (thrombin time, TT) . [
FrtruEfL b {8 (international normalized ratio, INR) .
FYEE AR (fibrinogen, FIB)
1.2.2 KBk efhis

FH T PREASE Y ) G P52 i R P A A 2 A 7 s |
Hlmab B | AR RIS 2 7 T R R, HE AT
YR 1 RE AR A 5T, S IR AR SCER O AR AR
EVP10 frife, 22 H 2R [0] 5 73 Hr i 2k 19 [ 22 509 10 4>
i, AKD ZHA1E AKD FEASK T I8 5 100 0 EL, AN
FAUNANTEEAL B 796 1, JLrp AKD 41 103 1], A
AKD 41 693 ], £FH%AniE,
L3 Srits4eeE

KR 4.2.3 AT G200 0T, ARG AR
AR, MELD W00 S5 AAT 5 1 A8 A T 50K L A
%L (mﬁj\1ﬁ§&) %‘%ﬂf\‘, 2H [A] He R Man-Whitney
U RS PR TFREAR Y | O R0 SRR LA
Bo(amR) R, AR ECRAR R, 1E8
bt B, A BN T B SR 3%,
DM P P B AN AT IR, o A B o A1) e
P 2 HOWEAR B S AN K, B SIBR %R /9
1, SR LASSO [R1EE RS B A A AKD 5205
RZHATRI0, FHRHZIHNE Logistic [F1IH 23—
e AKD YISE 2 R 2R o SR “ms” FEIF AL 22 1] 51
LI, DIEXTAMAL L AKD BYRUS HEFT SR, R
W TAERFE (receiver operating characteristic, ROC)
HHES I vt A R a1 7 REAS 1 B2 3 i DN - S i
JERIG PR 52 FPE 3 5 i % 452 20 1 1R R HE AT IE A, LA
P<0. 050 27 A Guit- 238 3L

Vol. 15 No. 1 91



oo E % &

561 {4, BSUEEE 235 B,

2 Z#R AKD 2H59E AKD I7E4FE s . ARG | JF&0E
MELD 435 T A S Z2 i ML 2 T“*Wk%%ﬁﬂ LH %
2.1 —MIGERE R R (P1<0.05), W1, F2, IGESRIESE

FAERF S A S HE G br e 0 TR AL H 3 796 TEREAERS . PRI IR . 349 . MELD $E43DL £
i), Hd AKD 20 103 i, dE AKD £H 693 f4i]; Il Zk4E PRI Aabr 22 2 Eg A E L (P #>0.05) ,

1 AKD 4157k AKD A1 RVOR A
Tab. 1 Clinical datas between AKD and non-AKD groups

18 ¥% AKD 41 (n=103) 4t AKD 41 (n=693) P1ii
B [n (%) ] 40 (38.8) 383 (55.3) 0.003
R (M (Pys, Pys), %] 64.00 (57.00, 74.50) 56.00 (49.00, 66.00) <0.001
FEBEISE] [M (Pys, Pys), d] 9.00 (7.00, 12.50) 7.00 (6.00, 10.00) <0. 001
RBRAEE (M (Pys, Pys), kg/m?] 21.81 (19.53, 24.15) 21.81 (20.02, 24.09) 0. 438
AR [n (%) ] 18 (17.5) 99 (14.3) 0. 481
Yl [n (%) ] 13 (12.6) 95 (13.7) 0. 884
PERIEL [0 (%) ] 20 (19.4) 87 (12.6) 0.08
FIES (2 (%) ] 18 (17.5) 96 (13.9) 0. 407
DAERS [0 (%) ] 11 (10.7) 35 (5.1) 0. 04
FiEF [n (%) ] 8 (7.8) 76 (11.0) 0. 415
AL [M (Pys, Pys), 4F] 2.00 (0.29, 5.50) 1.00 (0.08, 4.00) 0. 006
IR [0 (%) ]
AR R 27 (26.2) * 307 (44.3) 0. 001
LR FEEIF & 10 (9.7) 56 (8.1) 0.713
PRSI 3 (2.9) 7 (1.0)* 0.253
B B G v 30 (29.1) 137 (19.8)7 0. 041
i PR A W 34 (33.0) 187 (27.0) 0.248
BHFEIE [n (%) ) 75 (72.8) 468 (67.5) 0.337
PURFIRIT [n (%) ] 27 (26.2) 278 (40.1) 0. 009
FRA [n (%) ] 73 (70.9) 279 (40.3) <0. 001
ﬂkﬁ%‘:'ﬁﬁ%%m?f*’m [n (%) ] 8 (7.8) 31 (4.5) 0.23
FRMWEF [n (%) ] 92 (89.3) 563 (81.2) 0. 062
limﬂ« T [n (%) ] 42 (40.8) 328 (47.3) 0. 255
HRIE [n (%) ] 101 (98.1) 642 (92.6) 0. 065
TR [(n (%) ] 79 (76.7) 406 (58.6) 0. 001
R [ (%) ] 22 (21.4) 35 (5.1) <0. 001
MM (2 (%) ] 35 (34.0) 173 (25.0) 0. 068
HEBEGL [n (%) ] 92 (89.3) 505 (72.9) 0. 001
HEZAH [0 (%) ) 8 (7.8) 1 (0.1) <0.001
TR AL/ T TR BB SRS [0 (%) ] 25 (24.3) 144 (20.8) 0. 497
fRE5E [n (%) ] 32 (31.1) 122 (17.6) 0. 002
NEEIEY [n (%) ] 29 (28.2) 129 (18.6) 0. 033
FR AR [n (%) ] 2 (1.9) 1(0.1) 0. 055
MK [n (%) ] 76 (73.8) 362 (52.2) <0.001
MELD ¥-43 [M (P, Pys), 4%] 13.78 (10.33, 17.54) 10.46 (8.93, 12.82) <0.001
MELD 343 [n (%) ] <0.001
fikfe 52 (50.5) 572 (82.5)
g 28 (27.2) 83 (12.0)
e 23 (22.3) 38 (5.5)
MELD-Na #¥43 [M (P,s, P3s), 4] 16.40 (11.69, 25.07) 11.40 (9.32, 15.36) <0. 001

AKD (acute kidney disease) : ZMEBNEHT; MELD (model for end-stage liver disease) : AARMITFRAIRL; * (& ZBYREHENF A IF B B et I
14 MR AR & 01 B SR eI 1 6l T B AR A SR (P<0.05)
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R 2 AKD A5k AKD I 2FFebrtbds [M (Pys, Prs) ]
Tab. 2 Hematologic indices between AKD and non-AKD groups [M (P,s, P.5) ]

f5tr AKD 41 (n=103) I AKD 41 (n=693) P
LA (x10'/L) 3.02 (2.66, 3.67) 3.72 (3.08, 4.33) <0. 001
MLHEH (g/L) 88.00 (76.00, 113.00) 109.00 (85.00, 130.00) <0. 001
AEER (%) 27.40 (23.80, 34.25) 33.60 (27.50, 38.90) <0. 001
LLAANE A SERERRIEZE (L) 53.20 (49.45, 61.45) 52.50 (48.60, 57.50) 0.012
LLANM S A GE A S R A (%) 17.10 (15.20, 18.25) 16.30 (14.80, 18.10) 0.043
M4l (x10°/L) 4.51 (2.91, 7.01) 3.55 (2.44, 5.00) <0. 001
TR AN AR (%) 72.00 (63.20, 79.55) 64.10 (55.80, 72.43) <0. 001
R A (x10°/1) 2.96 (1.71, 5.24) 2.07 (1.42, 3.11) <0.001
WAL (x10°/L1) 0.65 (0.45, 1.07) 0.79 (0.53, 1.30) 0. 036
BN XHE (x10°/1) 0.37 (0.20, 0.70) 0.28 (0.18, 0.42) 0. 001
/MR (x10°/L) 78.00 (46.00, 122.00) 68.00 (46.00, 106.00) 0.219
WREEER (U/L) 32.00 (23.50, 50.00) 37.00 (27.30, 55.00) 0. 021
KRR (U/L) 19.00 (15.00, 27.50) 26.00 (17.00, 39.00) <0. 001
PR R Y TSE e = 1.77 (1.36, 2.11) 1.43 (1.17, 1.85) <0. 001
HEA (¢/L) 30.90 (27.80, 35.70) 36.70 (31.80, 40.60) <0. 001
BIHLIER (wmol/L) 26.50 (18.70, 47.70) 24.80 (17.10, 35.80) 0.025
EHSHLZLE (umol/L) 8.60 (5.45, 18.95) 6.90 (4.60, 11.40) 0.019
BRVERERRES (U/L) 111.00 (82.85, 167.00) 106.00 (80.60, 151.00) 0.259
VR REBIEE SR (U/L) 31.30 (18.90, 49.10) 36.40 (23.70, 74.30) 0. 005
Z&RARRR (mmol/L) 22.60 (20.75, 25.55) 24.20 (21.80, 26.20) 0. 027
MFRZE (mmol/L) 10.12 (6.64, 15.57) 5.64 (4.47, 7.67) <0. 001
MULEF (umol/L.) 108.40 (92.00, 134.95) 65.30 (57.00, 74.00) <0. 001
K (mmol/L) 4.17 (3.83, 4.68) 3.92 (3.64, 4.22) <0. 001
Na (mmol/L) 136.00 (131.95, 138.00) 138.00 (135.00, 139.80) <0. 001
Cl (mmol/L) 105.00 (101.00, 109.00) 107.00 (104.00, 109.00) 0.018
Ca (mmol/L) 2.00 (1.88, 2.14) 2.09 (1.99, 2.22) <0. 001
W MLAE IR E] (s) 13.60 (12.80, 15.10) 13.60 (10.40, 13.60) <0. 001
= R A L fE 1.22 (1.16, 1.37) 1.23 (1.14, 1.38) 0.975
HFYEHIR (g/L) 1.77 (1.56, 2.50) 1.56 (1.21, 2.19) 0. 001
T ALFR BRI I B ] () 31.00 (27.40, 36.15) 19.30 (2.20, 34.70) <0. 001
FEIMBEE (s) 18.00 (15.80, 19.30) 20.00 (17.30, 70.00) <0.001

AKD: [A]% 1

2.2 FFELEHE X £ AKD 2200 F = 7% % B i 4%
By
e, e LASSO [0 19 4 M i 4748
AT, SR A% 58 SR AIE 2 B B Lambda. 1se iy 5
fENAA, WD EEHCT AT RE 52 e JH A A A8 25 & 4 AKD
SRS RS 10 AR, Ar PR B PR s AL
e P . T A i, AR E R R K
Hb, ALB, TT (1), R RHAZHE Logistic [l
Bt —2P X FaR S R R AT, A5 R W B
W DR g s PR B RS . T A TE i, B2 K. Hb
ALB., TT 44k 8 35 & A= AKD 92k 57 5% i B R

(#3), M4 LASSO [BIHF Logistic =119 4 #7455,
HEST AR AR AKD [ T AR AL
2.3 FiAREATIRAL

T LASSO BIHMZHE Logistic [7115 53 Hr i 1E
IR, R “ms” BRF LG 1L B &
4= AKD I (1 2), i~ ifb i & 4= AKD
{8 RS HEA T TN ol PR AT IS, AR AR i R B i
Je P AT AR ROAR A 45k 37 5% ) PR 2R i X 7 ) BRI 43
{8, SRIEH H A NSRS B, J5c)a 78 B 1 i
e, 1T BB R R ) 00 ARE 23 B A2 Ak R R
A AKD 1R
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A. tenfold cross-validation plot; B. contraction factor plot
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Tab. 3 Multifactorial Logistic regression analysis of factors influencing the occurrence of AKD in patients with liver cirrhosis

izt B1E SE Wald OR (95% CI) P1iH
W 2.895 1.323 4.792 - 0. 029
Bk -0.740 0.315 5.511 0.477 (0.254~0.879) 0.019
PRI 1.072 0.412 6.759 2.922 (1.290~6.564) 0. 009
JHAE AL 0. 050 0.034 2.207 1.051 (0.983~1.122) 0.137
JHVE i 1.826 0.516 12.527 6.210 (2.278~17.479) <0. 001
THAGIE H i 0.917 0.359 6.527 2.501 (1.236~5.073) 0.011
JIRHE Rk e 0. 381 0. 356 1. 147 1.464 (0.719~2.923) 0.284
JEAK 1. 169 0.347 11.345 3.219 (1.664~6.539) <0.001
IME1 8 A -0.013 0. 006 4.067 0.987 (0.975~0.999) 0. 044
P -0.049 0. 022 5.162 0.952 (0.911~0.991) 0.023
YR ML Y 1) -0. 145 0. 042 12.108 0.865 (0.779~0.920) <0.001
AKD: [Fl%1

2.4 FUNARBEMS
2.4.1 [XAppE
YIZRAE v, 455 3000 1 A 1k BB 3 & AR AKD fY
ROC i AUC 5 0.895 (95% CI. 0.865~0.925),
BAEBWIE N 0.17, REE N 88.6%, T EN
80. 7%, HiEAEHr, AT AT 1k £ & A AKD
7 ROC 4k AUC 24 0.869 (95% CI: 0.807~0.930),
AR WA 0.23, REE R 78.8%, Fi5w &N
87. 6%, TEVZREFBIESE T AUC $5>0. 85, 4/
RIXF AKD BA R (K 3),
2.4.2 FGHERE
ANEEIGESERAFE, H-L K578 3 s A
BRI 4L A B R A4F, P AE 40028 0.727, 0.357, AKD
TME 53 A0 i 2 S A HE I Z NG & R 47, RIS iy
AKD KA 5 SE PR OU8 — 8k, $i o 1A R L
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BEE AR —5rE (K 4),
2.4.3 IR

e R o M2 Won , 7EPAABRES, YR E M
RALTF 0. 2% ~62% JE N B, PR LA FHI AKD
S AR T (AT AL AR R I R R 25, B TR A L
A BAFIE R (FS)

3 itig
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Fig. 2 Nomogram prediction model for the occurrence of AKD in patinets with liver cirrhotic
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Fig. 4 Calibration curves of the prediction model in the training and validation set
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