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Abstract: Objective To investigate the efficacy of C-reactive protein (CRP) in predicting the progression to acute-on-chronic
liver failure (ACLF) within 90 days after disease onset in patients with acute decompensation (AD) of cirrhosis, and to provide a
reference for the early identification of high-risk populations in clinical practice. Methods A retrospective study was conducted
among 906 patients with liver cirrhosis who were hospitalized due to AD in Nanjing Second Hospital from January 1, 2015 to
October 31, 2024, and demographic features, AD type, and laboratory markers were collected on admission. The primary endpoint
was progression to ACLF within 90 days after admission, and according to the presence or absence of ACLF, the patients were
divided into non-ACLF group with 676 patients and ACLF group with 230 patients. The independent-samples ¢ test was used for
comparison of normally distributed continuous data between groups, and the Wilcoxon rank-sum test was used for comparison of
non-normally distributed continuous data between groups; the chi-square test or the Fisher’s exact test was used for comparison of
categorical data between groups. The univariate and multivariate Cox proportional-hazards regression models were used to identify
independent predictive factors for ACLF. The receiver operating characteristic (ROC) curve was used to assess the predictive
performance of CRP and existing scoring systems (Model for End-Stage Liver Disease [MELD] , Child-Turcotte-Pugh [CTP]
score, and Chronic Liver Failure Consortium Acute Decompensation [ CLIF-C AD ] score) , and the restricted cubic spline analysis
was used to investigate the nonlinear relationship between CRP and the risk of ACLF. Youden index was used to determine the
optimal predictive cut-off value for CRP, and the Kaplan-Meier survival curve was plotted for risk stratification, while the log-rank
test was used for survival analysis. Results Among the 906 AD patients, the incidence rate of ACLF was 25.39% within 90 days.
The incidence rate of ACLF within 90 days was 45.1% in the 264 patients with bacterial infection and 17.3% in the 642 patients
without bacterial infection (}*=74.791, P<0.001). Among the 906 patients, 312 patients (34.44%) had acute-on-chronic pre-liver
failure (pre-ACLF) , with a significantly higher proportion of patients who progressed to ACLF than those in the non-pre-ACLF
group [60.58% (189/312) vs 6.90% (41/594) , x> =310.234, P<0.001]. Among the 230 patients with ACLF, there were 102
patients with stable ACLF (44.35%) and 128 patients with unstable ACLF (55.65%) , with a significant difference in CRP
between the two groups of patients (U=5 234.500, P<0.001). The restricted cubic spline analysis showed a significant nonlinear
relationship between CRP and the risk of ACLF (P<0.001). The optimal cut-off value of CRP was determined as 10.16 mg/L. based
on the Youden index, with a sensitivity of 70.4% and a specificity of 64.5%. The Kaplan-Meier curve analysis showed that the high-
risk group with CRP>10.16 mg/L. had a significantly higher event-free survival rate of ACLF within 90 days compared with the low-
risk group (P<0.001). The multivariate Cox regression analysis showed that AD type-hepatic encephalopathy (hazard ratio [ HR ]=
4.199, 95% confidence interval [CI]: 3.056—5.770, P<0.001), AD type-bacterial infection (HR=1.826, 95%CI: 1.356 —
2.459, P<0.001), CRP (>10.16 mg/L.) (HR=2.356, 95%CI: 1.825—3.047, P<0.001) , white blood cell count (HR=1.021,
95%CI: 1.002—1.041, P=0.035), hemoglobin (HR=0.994, 95%CI: 0.989—0.999, P=0.025), international normalized ratio
(HR=1.657, 95%CI: 1.372—2.001, P<0.001), total bilirubin (HR=1.003, 95%CI: 1.002—1.004, P<0.001), albumin (HR=
0.956, 95%CI: 0.926 — 0.986, P=0.004) , creatinine (HR=1.005, 95%CI: 1.004 — 1.006, P<0.001) , serum sodium
(HR=0.976, 95%CI: 0.956—0.997, P=0.025), and lactate dehydrogenase (HR=1.001, 95%CI: 1.001—1.002, P<0.001) were
all independent predictive factors for progression to ACLF within 90 days. The ROC curve analysis showed that CRP alone had an
area under the ROC curve (AUC) of 0.724 (95%CI: 0.685—0.763) in predicting ACLF, and CRP+MELD score had the best
predictive performance (AUC=0.870, 95%CI: 0.843—0.898), while CRP+CTP score and CRP+CLIF-C AD score had an AUC of
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0.852 (95%CI: 0.823—0.881) and 0.845 (95%CI: 0.812—0.877) , respectively. There was a significant increase in model

performance after integration (P<0.05). Conclusion

Serum CRP level on admission is an independent predictive factor for

progression to ACLF within 90 days in patients with AD of cirrhosis, and a CRP level of 210.16 mg/L can be used as a simple

threshold for identifying high-risk patients. Incorporating CRP into existing assessment systems may enhance the early identification

of patients at a high risk for ACLF, which provides a reference for clinical intervention.
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Figure 1 Flowchart of enrollment and screening of study
subjects in this study
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Table 1 Baseline characteristics of patients in the two groups

i H 4E ACLF 41 (n=676) ACLF 2 (n=230) SR PiE
A (%) 57.00(49.00 ~ 65.00) 56.00(47.00 ~ 68.00) 7=0.242 0.809
B (%) ] Y=17.019 0.008

3 413(61.09) 163(70.87)

© 263(38.91) 67(29.13)
JHREE Ak PR 4] (% ) | X=16.979 0.002

ST 406(60.06) 139(60.43)

NP 83(12.28) 49(21.30)

SRRk 92(13.61) 20(8.70)

RS 20(2.96) 2(0.87)

HAlh 75(11.09) 20(8.70)
JHAEAL AD I e AL 51 (%) ]

g s R 30(4.44) 7(3.04) x=0.533 0.465

Jik 436(64.50) 123(53.48) X'=8.357 0.004

JF P i 29(4.29) 106(46.09) Y=112.048 <0.001

B B IS ER DK R 2 i 114(16.86) 20(8.70) X'=8.449 0.004

2 R 145(21.45) 119(51.74) X'=74.791 <0.001
REA: AD[ (%) ] X=17.110 <0.001

el 208(30.77) 106(46.09)

G 468(69.23) 124(53.91)
WEAERE-D 905 52 [ 461 (9% ) ] ¥'=0.269 0.604

i 78(11.54) 23(10.00)

T 598(88.46) 207(90.00)
C IR 1 (mg/L) 7.24(3.08 ~ 15.60) 18.96(8.95 ~ 46.81) 7=10.177 <0.001
F4RE ( x 10°/1) 4.04(2.76 ~ 5.67) 6.69(4.25 ~ 10.08) 72=9.962 <0.001
Fh R AN E 4 (%) 61.55(52.05 ~ 71.70) 74.55(63.73 ~ 82.50) 7=9.550 <0.001
L2145 H (/L) 111.00(92.00 ~ 127.00) 97.00(81.25 ~ 117.00) 7=5.183 <0.001
/MR (% 10™/1) 69.00(46.75 ~ 108.00) 68.00(41.25 ~ 110.50) 7=0.826 0.409
IS ST ] () 15.00(13.60 ~ 16.70) 20.50(16.23 ~ 25.18) 7=14.078 <0.001
[ PromifE ik H A 1.34(1.21 ~1.48) 1.84(1.44 ~2.25) 7=13.977 <0.001
JBEZT 2 (mol/L) 29.50(17.50 ~ 57.35) 215.60(63.08 ~ 373.20) Z=14.847 <0.001
HEEH (¢/L) 32.30(28.70 ~ 35.70) 29.25(26.10 ~ 32.18) 7=8.083 <0.001
WHRRARF B (U/L) 29.60(18.60 ~ 48.40) 39.75(23.10 ~ 84.97) 7=5.309 <0.001
RERAIRAIE LR (U/L) 40.00(27.38 ~ 67.60) 71.60(36.28 ~ 124.97) Z=7.709 <0.001
- R AL (U/L) 54.95(26.00 ~ 110.98) 62.00(28.50 ~ 124.40) 7=0.682 0.495
TP R (U/L) 112.85(83.30 ~ 154.53) 126.65(91.10 ~ 173.02) 7=2.919 0.004
LT (mg/L) 64.00(54.00 ~ 75.25) 86.00(59.25 ~ 153.75) 7=8.240 <0.001
1M /R 2 2 (mmol/L) 4.87(3.90 ~ 6.36) 8.41(4.52 ~ 14.79) 7=8.589 <0.001
£ (mmol/L) 140.40(137.90 ~ 142.20) 136.05(132.07 ~ 139.62) 7=10.683 <0.001
FLER S E (U/L) 209.00(170.00 ~ 253.00) 241.13(182.25 ~ 317.75) 7=5.102 <0.001
FLR (mmol/L) 2.80(2.40 ~ 3.16) 3.02(2.51 ~3.62) 7=4.052 <0.001
%5 (mmol/L) 5.05(4.53 ~ 6.13) 5.08(4.50 ~ 6.18) 7=0.059 0.953
PRI (wmol/L) 280.50(212.00 ~ 375.00) 287.00(177.50 ~ 411.50) 2=0.473 0.636
MELD #-43(43) 9.07(5.76 ~ 13.22) 20.29(13.49 ~ 24.26) 7=15.940 <0.001
CLIF-C AD 343 (43) 42.20(36.90 ~ 47.71) 56.19(48.87 ~ 63.37) 7Z=15.375 <0.001
CTP P4y (43) 7.00(6.00 ~ 8.00) 10.00(8.25 ~ 11.00) 7=14.841 <0.001

1 AD, 2 AU s MELD 1143, ZR R BTELIE- 43 s CLIF-C AD , P2V s 3 W A M R AR 43 s CTP I3, SRR T 2 JU B R AP 43
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Figure 2 Restricted cubic spline plot showing the non-linear
association between CRP and ACLF
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Table 2 Univariate and multivariate Cox regression
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Figure 4 Comparison of receiver operating characteristic
curves between the traditional model and the C-reactive
protein adjusted model
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