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Abstract: Objective To construct and validate a predictive model for hepatic encephalopathy (HE) in patients with end-stage
liver disease (ESLD) by combining key indicators such as cytokines and Model for End-Stage Liver Disease (MELD) score, and to
provide evidence-based support for the early identification of high-risk populations and the optimization of intervention strategies in
clinical practice. Methods A retrospective analysis was performed for 2 167 patients with ESLD who were admitted to The Third
People’ s Hospital of Kunming from January 2022 to December 2024, the patients were divided into a training set with 1 517
patients and a validation set with 650 patients at a ratio of 7:3 using the stratified random sampling method. A univariate analysis
and a least absolute shrinkage and selection operator (LASSO) regression analysis were performed for the training set to identify
potential influencing variables, and then a binary Logistic regression model was constructed to investigate the independent
influencing factors for HE in ESLD patients. A nomogram prediction model was established based on this regression model , and the
Hosmer-Lemeshow goodness-of-fit test was performed. The receiver operating characteristic (ROC) curve, calibration curves,
decision curve analysis, and clinical impact curve were used to comprehensively evaluate the degree of fit, accuracy, consistency,
and clinical practicability of the predictive model derived from the training set. The Mann-Whitney U test was used for comparison of
non-normally distributed quantitative data between two groups. The chi-square test or Fisher exact test was used for comparison of
categorical data between two groups. Results The univariate analysis showed that there were significant differences between the study
group and the control group in age, sex, blood ammonia, lymphocytes, hemoglobin, platelet count, prothrombin time, fibrinogen,
international normalized ratio, total bilirubin, aspartate aminotransferase, total protein, albumin, prealbumin, alkaline phosphatase,
cholinesterase, total bile acid, triglyceride, total cholesterol, high-density lipoprotein, low-density lipoprotein, blood glucose, CD3" T
cells, CD4" T cells, CD8" T cells, high-sensitivity C-reactive protein, carcinoembryonic antigen, triiodothyronine, thyroxine, free
triiodothyronine, free thyroxine, interleukin-1@, interleukin-5, interleukin-6, interleukin-8, interleukin-12p70, interleukin-17,
interferon-y, and MELD score (all P<0.05). The LASSO regression analysis identified nine variables of age, blood ammonia, albumin,
prealbumin, cholinesterase, total cholesterol, thyroxine, interleukin-17, and MELD score, and the binary Logistic regression analysis
showed that blood ammonia, interleukin-17, and MELD score were independent risk factors for HE in ESLD patients, while age and
thyroxine were independent protective factors (all P<0.05). A nomogram model was constructed based on these five variables. The
Hosmer-Lemeshow goodness-of-fit test in the training set showed a good degree of fit (P=0.207) , with a McFadden’ s pseudo-R* of
0.184, suggesting that the model had acceptable explanatory power; the Hosmer-Lemeshow goodness-of-fit test in the internal validation
set further confirmed the calibration stability of the model (P=0.067) , suggesting that the model had a good degree of fit in independent
data. The model had an area under the ROC curve of 0.784 in the validation set, with a sensitivity of 0.710 and a specificity of 0.752. The
mean absolute error of the calibration curve was 0.067, and decision curve analysis and clinical impact curve showed that the nomogram
model had positive net benefit and good clinical practicability. Conclusion The nomogram model constructed based on age, blood
ammonia, thyroxine, interleukin-17, and MELD score for predicting HE in patients with ESLD has a good degree of fit, high accuracy

and consistency, and excellent clinical practicability.
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Table 1 Comparison of clinical data between the study group and the control group in the training set

R1 G EPHRES X HREBER R LB

AN i XF IR (n=1033) 5Tl (n=484) SiHE P{E
AR (%) 55.00(49.00 ~ 61.00) 53.00(48.00 ~ 59.00) 7=-3.574 <0.001
PN [ (%) ] Y=5.271 0.022

5 782(75.70) 392(80.99)

oy 251(24.30) 92(19.09)
WA s [45](% ) X'=0.817 0.366

H 523(50.63) 233(48.14)

¥ 510(49.37) 251(51.86)
o s [ (%) ] X'=0.018 0.893

H 470(45.50) 222(45.87)

I 563(54.50) 262(54.13)
NH,( pmol/L) 32.20(22.30 ~ 43.50) 49.75(38.20 ~ 67.73) 7=-16.478 <0.001
WBC( x 10°/1.) 4.30(3.14 ~ 5.83) 4.09(2.99 ~ 5.83) 7Z=-1.182 0.237
Lym( x 10°/L) 0.97(0.65 ~ 1.37) 0.85(0.57 ~ 1.26) Z=-3.803 <0.001
NE( x 10°/L) 2.64(1.85~3.83) 2.55(1.73 ~ 4.07) 7=-0.546 0.585
Hb(g/L) 132.00(109.00 ~ 151.00) 121.50(97.00 ~ 158.50) Z=-5.656 <0.001
PLT( x 10°/L) 97.00(67.00 ~ 146.00) 80.00(55.00 ~ 119.00) 7=-5.650 <0.001
PT(s) 15.60(14.30 ~ 17.30) 16.90(15.50 ~ 19.00) 7=-11.213 <0.001
FIB(g/L) 2.46(1.91 ~3.15) 2.02(1.55~2.71) 7=-7.966 <0.001
INR 1.26(1.14 ~ 1.45) 1.43(1.27 ~ 1.65) 7=-12.275 <0.001
TBil(mol/L) 22.90(15.20 ~ 38.90) 34.85(21.40 ~ 63.25) 7=-9.064 <0.001
AST(U/L) 44.00(30.00 ~ 77.00) 49.00(35.00 ~ 95.00) Z=—4.109 <0.001
ALT(U/L) 32.00(21.00 ~ 52.00) 34.00(22.00 ~ 59.00) Z=-1.913 0.056
TP(g/L) 65.80(59.75 ~ 71.55) 62.70(56.65 ~ 68.40) 7=-6.413 <0.001
Alb(g/L) 34.20(28.60 ~ 39.20) 29.60(25.83 ~ 34.68) 7=-9.922 <0.001
PA(mg/L) 112.70(71.50 ~ 173.00) 77.50(49.15 ~ 117.40) 7=-9.863 <0.001
GGT(U/L) 69.00(34.00 ~ 147.00) 63.50(33.00 ~ 161.00) 7=-0.421 0.674
ALP(U/L) 125.00(92.00 ~ 182.50) 143.00(102.00 ~ 219.75) Z=—-4.309 <0.001
ChE(U/L) 4238.00(2735.00 ~ 6 123.00) 2 978.00(2 025.50 ~ 4 355.00) 7=-9.829 <0.001
TBA (pmol/L) 17.70(5.95 ~ 44.60) 36.60(15.63 ~ 86.25) Z=-8.686 <0.001
TG(mmol/L) 0.90(0.65 ~ 1.28) 0.75(0.53 ~ 1.16) 7Z=-5.257 <0.001
TC(mmol/L) 3.70(2.97 ~ 4.42) 3.21(2.48 ~3.91) 7Z=-17.581 <0.001
HDL(mmol/L) 0.95(0.67 ~ 1.20) 0.86(0.48 ~ 1.19) 7=-3.809 <0.001
LDL(mmol/L) 2.11(1.60 ~ 2.79) 1.78(1.28 ~2.33) 7=-7.222 <0.001
Cr(wmol/L) 63.00(53.00 ~ 76.00) 62.50(49.00 ~ 78.75) 7=-0.035 0.972
UA (mol/L) 321.00(262.00 ~ 394.50) 308.00(247.00 ~ 397.75) Z=—1.659 0.097
GLU(mmol/L) 5.40(4.89 ~ 6.46) 5.55(4.95 ~7.20) 7=-2.594 0.009
CD3 TN (/L) 659.92(438.39 ~ 986.99) 591.57(395.91 ~ 837.72) 7=-4.433 <0.001
CDA™T 4 (A~/l) 394.09(257.61 ~ 598.76) 325.93(207.77 ~ 531.55) 7Z=-2.588 <0.001
CDS T 41 (A~/ L) 216.75(131.91 ~ 351.68) 198.59(118.99 ~ 318.88) 7=-0.422 0.010
CDI19'B 4 (A~/pl) 136.50(80.66 ~ 214.98) 141.11(76.77 ~ 228.95) 7=-3.724 0.673
hs-CRP(mg/L) 3.56(1.03 ~ 14.84) 5.16(1.41 ~ 19.09) 7=-2.926 0.003
AFP(ng/mlL) 6.22(2.93 ~ 126.23) 7.77(3.08 ~ 110.32) 7=—0.889 0.374
CEA(ng/mL) 2.93(1.84 ~4.38) 3.27(2.24 ~ 4.85) 7Z=-4.261 <0.001
TSH(IU/mL) 2.25(1.41 ~3.57) 2.18(1.35 ~3.26) Z=-1.570 0.116
T,(nmol/L) 1.45(1.15 ~ 1.80) 1.25(0.99 ~ 1.65) Z=—6.060 <0.001
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F1(4)
Table 1 (continued)
75 1 XtHEZH (n=1 033) 5T (n=484) GiiHE P{E
T,(nmol/L.) 94.59(75.34 ~ 117.70) 78.92(60.48 ~ 101.64) 7=-8.050 <0.001
FT,(pmol/L) 3.85(3.10 ~ 4.57) 3.64(2.86 ~ 4.47) 7=-3.166 0.002
FT,(pmol/L) 15.36(13.11 ~ 17.53) 14.83(12.23 ~ 17.02) 7=-3.503 <0.001
IL-1B(pg/mL) 2.00(1.04 ~5.97) 2.24(1.27~7.23) 7Z=-2.147 0.032
IL-2(pg/ml.) 1.63(0.94 ~ 2.83) 1.69(0.99 ~2.98) 7Z=-1.582 0.114
IL-4(pg/mL) 1.44(0.86 ~ 2.25) 1.45(0.86 ~2.17) 7=-0.159 0.874
IL-5(pg/mL.) 1.25(0.72 ~2.37) 1.55(0.93 ~ 2.75) 7=-3.995 <0.001
IL-6(pg/mL) 11.10(4.87 ~ 29.88) 14.92(6.38 ~ 38.85) 7=-3.527 <0.001
IL-8(pg/mL) 21.96(9.09 ~ 54.86) 27.31(8.13~77.32) 7=-2.097 0.036
IL-10(pg/mL) 4.67(2.82 ~7.49) 4.76(2.49 ~ 8.18) 7=-0.292 0.770
IL-12p70(pg/mL.) 1.93(1.33 ~2.96) 1.99(1.45 ~3.28) 7=-2.182 0.029
IL-17(pg/mL) 7.96(3.03 ~ 15.29) 10.36(3.43 ~23.22) 7=-3.939 <0.001
IFN-y(pg/mL) 2.10(0.99 ~ 5.23) 3.13(1.59 ~ 6.92) 7=-5.242 <0.001
IFN-a(pg/mL) 1.74(1.07 ~ 2.93) 1.86(1.18 ~3.13) 7Z=-1.879 0.060
TNF-a(pg/mL) 2.00(1.02 ~ 4.28) 1.95(1.04 ~3.91) 7=-0.254 0.799
MELD #¥-43 (43) 7.00(4.00 ~ 11.00) 10.00(6.00 ~ 15.00) 7=-9.617 <0.001
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Figure 1 Least absolute shrinkage and selection operator regression analysis of hepatic encephalopathy in patients with end-

stage liver disease
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Table 2 Binary Logistic regression analysis of hepatic encephalopathy in patients with end-stage liver disease

AN BIH SE OR 95%CI1 Wald P

A -0.023 0.006 0.978 0.965 ~ 0.990 12.329 <0.001
NH, 0.034 0.003 1.035 1.029 ~ 1.041 121.924 <0.001
Alb -0.024 0.014 0.976 0.951 ~ 1.003 3.096 0.078
PA -0.002 0.002 0.998 0.995 ~ 1.001 1.112 0.292
ChE 0.000 0.000 1.000 1.000 ~ 1.000 0.035 0.851
TC -0.108 0.060 0.898 0.798 ~ 1.009 3.272 0.070
T, -0.005 0.002 0.995 0.991 ~ 0.999 7.744 0.005
IL-17 0.005 0.002 1.005 1.001 ~ 1.008 8.141 0.004
MELD #1453 0.030 0.010 1.030 1.010 ~ 1.051 8.655 0.003
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Figure 2 Nomogram prediction model for hepatic encephalopathy in patients with end-stage liver disease
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Figure 3 ROC curve of hepatic encephalopathy in patients with end-stage liver disease
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Figure 4 Calibration curves of hepatic encephalopathy in patients with end-stage liver disease
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