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Cirrhosis is a healing response to persistent liver injury, and the widely used clinical indicators 
of cirrhosis severity are limited. The lactate/albumin ratio (LAR) can be used as a marker of early 
prognosis in critically ill patients. The aim of this study was to explore the clinical significance of LAR 
for predicting the prognosis of patients with cirrhosis and to provide new insights. Patients diagnosed 
with liver cirrhosis were extracted from the MIMIC- IV database. The cox regression models were used 
to analyze the association between the LAR and all-cause mortality in cirrhosis patients. We analyzed 
potential nonlinear relationships between LAR and outcome indicators using restricted cubic spline 
cures (RCS). The predictive power was investigated using receiver operating characteristic(ROC) 
analysis. Additionally, we calculated the incremental effect of the LAR index. The study included a 
total of 2402 patients with cirrhosis. According to the Kaplan-Meier curves and cox regression analysis 
indicated that the risk of 28-day, 90-day, 180-day, 1-year all-cause mortality was significantly higher 
in the highest quartile of LAR. The result of the multivariable RCS model showed the LAR index have a 
linear relationship (p for nonlinear = 0.115) with 28d all-cause mortality. The area under the ROC curve 
(AUC) of LAR (66.44% [95% CI 0.64–68.88%]) was superior to lactate (63.51% [95% CI 61.01–66.01%]) 
and albumin (64.46% [95% CI 62.01–66.92%]). The predictive ability of scoring tools for 28d mortality 
was significantly improved after considering either the LAR index using integrated discrimination 
improvement index (IDI). The LAR index can serve as a significant predictor for all-cause mortality in 
critically ill patients with liver cirrhosis.
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Cirrhosis is the 11th most common cause of death in the world, with an annual death toll of 1 million1. Cirrhosis 
is a healing response to persistent hepatic injury and chronic progressive disease caused by multiple etiological 
factors, which is histologically characterized by diffuse hepatocellular degeneration and necrosis, abnormal 
regeneration of hepatocytes, intrahepatic neovascularization, proliferation of hepatic fibrotic tissues, and 
pseudolobule formation2. Necrotic hepatocytes release intracellular substances such as nucleic acids, intracellular 
proteins, adenosine triphosphate, or nucleic acid compounds, which can stimulate nonparenchymal cells by 
damage-associated molecular pattern (DAMP) to release pro-fibrotic factors and promote the development of 
liver fibrosis3–5. Patients with cirrhosis are at increased risk of significant morbidity and mortality, which may 
arise from complications of portal hypertension or hepatic decompensation6.

In recent years, new predictors of prognosis in patients with cirrhosis have emerged. The gold standard 
for the diagnosis is liver biopsy, but it has certain limitations, such as invasive operation, high cost, and low 
acceptance by patients7. At present, the widely used clinical indicators for assessing the severity of cirrhosis are 
Child-Pugh classification and MELD score. The former is used to grade the severity of liver disease; the latter was 
initially used to priorities the waiting list for liver transplantation, and has subsequently been used to assess the 
prognosis of end-stage liver disease. Several studies have attempted to compare the utility of these two scores as 
prognostic markers in patients with cirrhosis, but all have been limited8,9. Therefore, there is an urgent need to 
propose new indicators to assess the prognosis of patients with cirrhosis.

Albumin is synthesized by the liver and is closely related to liver function. Cirrhosis is a consequence of 
long-term chronic damage to the liver, which reduces the rate and amount of albumin synthesis. Albumin 
administration has been shown to be associated with improved prognosis and complications in patients with 
cirrhosis10. Lactate is a product of anaerobic metabolism and is metabolized predominantly in the liver, and is an 
indicator of the severity of organ hypoperfusion and tissue hypoxia. Systemic inflammation and oxidative stress 
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in cirrhotic patients may lead to mitochondrial dysfunction and reduced ATP synthesis, ultimately leading to 
the accumulation of lactate as an end product of anaerobic glycolysis11,12. Therefore, it seems safe to speculate 
that patients with cirrhosis will experience a rise in lactate and a fall in albumin due to the abnormal liver 
function, which could lead to an increased lactate to albumin ratio. The aim of this study was to explore the 
clinical significance of this simple, objective indicator for predicting the prognosis of patients with cirrhosis and 
to provide new insights.

Materials and methods
Database introduction
All data in this study are from The Medical Information Mart for Intensive Care IV (MIMIC-IV), a large 
and freely accessible database, which contains various information of ICU patients at Beth Israel Deaconess 
Medical Center (Boston, Massachusetts, USA) from 2008 to 2019, including baseline characteristics, vital 
signs, laboratory tests, medication treatment, surgical operations and follow-up survival status. The medical 
information is privatized and stored in MIMIC-IV, therefore we are not requested consent and ethical approval 
of patient. The first author (Ruoxi Zhang) completed the Collaborative Institutional Training Initative (CITI) 
and was qualified to use the database (ID: 13230609).

Study population
Patients with liver cirrhosis admitted to the ICU for their first hospitalization were included in the study. A 
total of 5929 patients diagnosed with liver cirrhosis were extracted, according to International Classification 
of Disease, 9th Revision and 10th Revision. The ICD 9 and 10 code included 5712, 5715, 5716, K703, K7030, 
K7031, K717, K74, K743, K744, K745, K746, K7460, K7469, P7881. The exclusion criteria were as follows: (1) 
patients stayed in ICU less than 24 h; (2) patients admitted multiple times for liver cirrhosis, for whom only the 
first admission data were extracted; (3) patients missing lactate and albumin data; (4) patients with malignant 
cancer, metastatic solid tumor.

Data extraction
The tool of data extraction was PostgreSQL software (v13.7.1) through running Structured Query Language 
(SQL). LAR was calculated by the formula: lactate(mmol/L)/albumin(g/L), which was identified as the primary 
variable. Blood lactate and serum albumin concentration were recorded after first admission in order to avoid 
the effect of subsequent treatment. A wealth of potential confounders about each patients at admission were 
extracted, covering demographic information (age, gender, race), vital sign (systolic blood pressure, diastolic 
blood pressure, BMI, heart rate, respiratory rate), medication and treatment (fibrates, statins, vasopressin, 
continuous renal replacement therapy, mechanical ventilation), comorbidities (acute kidney injury, atrial 
fibrillation, diabetes, heart failure, hypertension, obesity, respiratory failure, sepsis, viral hepatitis, nonalcoholic_
steatohepatitis, alcoholic cirrhosis, autoimmune liver disease, acute and subacute hepatic failure, chronic 
hepatic failure, esophageal varices, hepatic encephalopathy), laboratory data (albumin, anion gap, alanine 
aminotransferase, aspartate aminotransferase, total bilirubin, c-reactive protein, lactate, glucose, serum urea 
[BUN], creatinine, calcium, sodium, potassium, international normalized ratio[INR], prothrombin time [PT], 
hematocrit, hemoglobin, platelets, white blood cell [WBC], lymphocyte count, red blood cell [RBC], red cell 
distribution width [RDW], triglyceride [TG]), sequential organ failure (SOFA), acute physiology score Ⅲ (APS 
Ⅲ), oxford acute severity of illness score (OASIS) and simplified acute physiology score (SAPS Ⅱ). And we 
calculated MELD, ARPI, Fib-4, ALBI based on the extracted data. When laboratory data were measured several 
times in 24 h of admission, the first result was recorded. To minimize reverse causation bias, data collected 
after the outcome event was considered invalid. Laboratory indications with missing data more than 20% were 
excluded and multiple interpolation was adopted to fill with missing data less than 20%.

Outcomes
The primary outcome was death from any cause within 28 days, 90 days, 180 days and 1 year of admission. The 
28-day all-cause mortality rate was defined as the ratio of the total number of all-cause deaths during the 28-day 
hospitalization period to the average population of that population during the same period.

Statistical analysis
The Shapiro-Wilk test was used to assess whether the normal distribution is satisfied. Continuous variables were 
expressed as mean (standard deviation (SD)) or median (interquartile range (IQR)) and compared using Student’s 
t-test or nonparametric test as appropriate. Categorical variables were expressed in frequency and percentage 
(%) and tested the differences between groups using Pearson’s chi-square test or Fisher’s exact test. Univariate 
Cox analysis and multivariate Cox regression models were used to assess the relationship between LAR and 28 
days, 90 days, 180 days, 1year mortality and estimated hazard ratios (HRs) with their 95% confidence intervals 
(95% CIs) and adjusted for several confounding variables respectively. The variables included in multivariate Cox 
regression models were clinically relevant and carefully chosen. Model 1 was unadjusted and variables including 
age, race and gender were adjusted in model 2. Model 3 was adjusted for Admission_age, Gender, Race, HR, 
RR, Alt, Anion_gap, Ast, Bun, Calcium, Creatinine, Plt, Glucose, Hemoglobin, INR, Potassium, RDW, Sodium, 
TB, WBC, Viral hepatitis, Acute and subacute hepatic failure, AKI, Alcoholic cirrhosis, Atrial fibrillation, 
Autoimmune liver disease, Chronic hepatic failure, CRRT, Diabetes, Esophageal varices blooding, Fibrates, 
Heart failure, Hepatic encephalopathy, Hypertension, nonalcoholic steatohepatitis, Obesity, Respiratory failure, 
Sepsis, Statins, Vasopressin, Mechanical ventilation. In order to check the incidence of outcome events according 
to different levels of LAR, we chose LAR segment as a categorical variable according to the quartile in the model 
(the lowest quartile of LAR values was used as the reference group). To prevent multicollinearity, variables with 
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variance inflation factors greater than 5 were excluded from the model. The Kaplan–Meier method was used 
to tested the differences of survival data by the log-rank test. Restricted cubic splines (RCS) were adopted to 
reflect potential nonlinear correlations between LAR and outcomes. The predictive ability of LAR was evaluated 
through calculating the area under the ROC (AUC). Moreover, LAR cutoffs were established through optimal 
statistical threshold and Youden index was calculated by Sensitivity + Specificity-1. Integrated discrimination 
improvement(IDI) and net reclassification improvement(NRI) were calculated separately to evaluate the 
predictive ability and clinical value of the scoring tools added LAR index. Decision curve analysis (DCA) was 
performed assess the clinical utility improvement of LAR. Additionally, subgroup analysis was performed based 
on gender, race, AKI, heart failure, respiratory failure, sepsis, alcoholic cirrhosis, esophageal varices blooding, 
hepatic encephalopathy, acute and subacute hepatic failure. All statistical analysis were processed using the R 
language (R version 4.2.2) and P < 0.05 was considered statistically significant. All the original data have been 
uploaded as Supplementary files.

Result
Baseline demographic and clinical characteristics
The baseline characteristics of patients grouped by the quartiles of the LAR index were showed in Table 1. In the 
study, a total of 5929 patients with liver cirrhosis were enrolled. Detailed information about selection process 
is presented in Fig. 1. There were 883(36.8%) women and 1519(63.2%) men in the cohort, which the median 
age was 58.34 years. The study included multiple ethnicities, with white people accounting for the highest 
proportion, black people and Asians accounting for 8.1% and 1.2%, respectively. Based on the quartiles of the 
LAR index (Q1: 0.012–0.043, Q2: 0.043–0.064, Q3: 0.064–0.100, Q4: 0.100-1.838), patients were described in 4 
groups (Table 1).

As the LAR index increased, patients were higher levels of HR, RR, AST, glucose, INR, lactate, PT, RDW, 
TB, WBC, lower level of albumin, calcium, Hematocrit, hemoglobin, PLT, RBC, higher prevalence of Atrial 
fibrillation, and higher usage rate of vasopressin, CRRT, mechanical ventilation. Meanwhile, we found that the 
mortality rate of liver cirrhosis patients in this study increased with longer follow-up time. 28d, 90d, 180d, 1year 
mortality were higher with the increasing LAR index. In other words, the mortality of 4 follow-up times was 
highest in Q4 group than Q1, Q2, Q3 group.

Relationship between LAR and 28 d, 90 d, 180 d, 1 year mortality
In order to access the effect of exposure variables on mortality, the Cox regression models were used and adjusted 
for several covariates. Model 1 was unadjusted. Model 2 was adjusted for age, race and gender. Model 3 was 
adjusted for admission_age, Gender, Race, HR, RR, Alt, Anion_gap, Ast, Bun, Calcium, Creatinine, Plt, Glucose, 
Hemoglobin, INR, Potassium, RDW, Sodium, TB, WBC, Viral hepatitis, Acute and subacute hepatic failure, 
AKI, Alcoholic cirrhosis, Atrial fibrillation, Autoimmune liver disease, Chronic hepatic failure, CRRT, Diabetes, 
Esophageal varices blooding, Fibrates, Heart failure, Hepatic encephalopathy, Hypertension, nonalcoholic 
steatohepatitis, Obesity, Respiratory failure, Sepsis, Statins, Vasopressin, Mechanical ventilation. The result of 
Cox regression model between LAR and 28d mortality showed patients with higher LAR (Q4: 0.1–1.838) have 
higher risk of mortality than those with low-value LAR (Q4: 0.012–0.043), in Model 1(HR [95% CI], 3.65 [2.869, 
4.651]), Model 2(HR [95% CI], 3.693 [2.893, 4.741]) and Model 3(HR [95% CI], 2.078 [1.580, 2.733]). As the 
models were adjusted, the effect of LAR on 28d mortality gradually decreased. The same trend was seen in the 
analysis of 90 d, 180 d and 1 year mortality (Table 2).

Detection of nonlinear relationships
RCS curve analysis was preformed to access the potential nonlinear correlation between the LAR index and 
outcomes. According to the database result, there were 654 deaths out of 2402 patients (27.2%) at the 28d 
follow-up. The result of the multivariable RCS model showed the LAR index have a linear relationship (p for 
nonlinear = 0.115) with 28d all-cause mortality (Fig. 2). In addition, based on the quartiles of the LAR index, 
Kaplan–Meier survival curve showed a significant difference among various LAR index groups (Fig. 3).

The predictive ability and incremental effect of the LAR index
In evaluating the diagnostic performance of the LAR index, the maximum Youden index of 0.246 was identified 
at a cut-off value of 0.076, with a sensitivity of 57.34% and a specificity of 67.28%. It is important to note that 
this optimal cut-off value, derived from the Youden index in our cohort, is exploratory and specific to this 
dataset. External validation in independent, prospective populations is required to confirm its generalizability 
and clinical utility before it can be recommended for widespread clinical application. The ROC curves for the 
three indicators of LAR, lactate, albumin were plotted for predicting all-cause mortality within 28d of admission 
(Fig. 4). The area under the ROC curve (AUC) of LAR (66.44% [95% CI 0.64–68.88%]) was superior to lactate 
(63.51% [95% CI 61.01–66.01%]) and albumin (64.46% [95% CI 62.01–66.92%]). Moreover, we determined the 
optimal cut-off value for LAR to be 0.076, with sensitivity of 57.34% and specificity of 67.28% and Youden index 
of 0.246, indicating that LAR had a relatively good predictive ability for all-cause mortality in liver cirrhosis. 
Moreover, We observed that the predictive ability of LAR was superior to APRI, FIB-4, ALBI(AUC: 0.6644(0.64–
0.6888) vs. 0.6126(0.5874–0.6379) vs. 0.6356(0.6108–0.6604) vs. 0.6438(0.6198–0.6678)). Altogether, the LAR 
index offers some value for predicting 28-day all-cause mortality in liver cirrhosis. In addition, we calculated 
the IDI and NRI of the scoring tools (APSIII, OASIS, SAPSII, MELD, SOFA) to analyze the impact of the LAR 
index on the predictive power of the scoring tools (Tables  3 and 4). The result demonstrated the predictive 
ability of the scoring tools (APSIII, OASIS, SAPSII, MELD) for 28 d mortality was significantly improved 
after considering either the LAR index according to the quartile classification (LAR[IQR]) or the numerical 
LAR index (LAR[numeric])(p < 0.05). Moreover, we drew clinical decision curves to assess the clinical utility 
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level Overall Q1 Q2 Q3 Q4 p

n 2402 600 600 591 611

Vital signs

 HR (beats/min) 91.00 [77.00, 106.00] 84.00 [74.00, 99.00] 88.00 [74.00, 102.00] 91.00 [78.50, 106.00] 99.00 [84.50, 114.00] <0.001

 RR (beats/min) 19.00 [15.00, 23.00] 18.00 [14.00, 22.00] 18.00 [15.00, 22.00] 19.00 [16.00, 23.00] 20.00 [16.00, 24.00] <0.001

Demographics

 Admission_age (yr) 58.34 [51.11, 67.12] 59.49 [52.49, 67.74] 58.47 [51.39, 68.50] 58.28 [51.14, 66.54] 56.92 [49.53, 64.93] <0.001

 Gender
F 883 (36.8) 213 (35.5) 217 (36.2) 226 (38.2) 227 (37.2) 0.778

M 1519 (63.2) 387 (64.5) 383 (63.8) 365 (61.8) 384 (62.8)

 Race (%)

ASIAN 29 (1.2) 12 (2.0) 7 (1.2) 6 (1.0) 4 (0.7) <0.001

BLACK 195 (8.1) 63 (10.5) 44 (7.3) 50 (8.5) 38 (6.2)

Other 576 (24.0) 111 (18.5) 123 (20.5) 138 (23.4) 204 (33.4)

WHITE 1602 (66.7) 414 (69.0) 426 (71.0) 397 (67.2) 365 (59.7)

Laboratory data

 Albumin (g/dL) 3.30 [2.70, 3.80] 3.90 [3.40, 4.30] 3.40 [3.00, 3.90] 3.00 [2.60, 3.50] 2.70 [2.30, 3.20] <0.001

 ALT (IU/L) 36.50 [22.00, 63.00] 31.00 [20.00, 54.00] 36.50 [22.00, 62.00] 36.00 [23.00, 62.00] 41.00 [26.50, 75.00] <0.001

 Anion_gap (mEq/L) 15.00 [13.00, 18.00] 15.00 [13.00, 17.00] 14.00 [12.00, 17.00] 15.00 [12.00, 18.00] 17.00 [14.00, 21.00] <0.001

 AST (IU/L) 64.00 [37.00, 124.00] 41.00 [26.75, 75.25] 61.00 [37.00, 118.00] 69.00 [40.00, 130.50] 100.00 [52.00, 183.50] <0.001

 BUN (mg/dL) 17.00 [11.00, 30.00] 17.00 [12.00, 26.25] 16.00 [11.00, 27.00] 18.00 [10.00, 30.50] 19.00 [11.00, 36.00] 0.008

 Calcium (mg/dL) 8.50 [8.00, 9.10] 8.90 [8.40, 9.30] 8.60 [8.10, 9.10] 8.40 [7.90, 8.90] 8.10 [7.60, 8.60] <0.001

 Creatinine (mg/dL) 1.00 [0.70, 1.40] 0.90 [0.80, 1.40] 0.90 [0.70, 1.30] 0.90 [0.70, 1.40] 1.00 [0.70, 1.80] <0.001

 PLT (K/uL) 137.00 [84.00, 206.00] 166.00 [111.75, 241.50] 136.00 [83.00, 211.00] 126.00 [82.00, 192.00] 123.00 [72.50, 181.00] <0.001

 Glucose (mg/dL) 113.00 [95.00, 147.00] 109.00 [92.75, 141.00] 111.50 [95.00, 144.00] 113.00 [96.00, 148.50] 118.00 [95.00, 156.00] 0.012

 Hematocrit (%) 35.00 [29.80, 39.50] 37.20 [32.38, 41.02] 35.80 [30.50, 40.10] 34.30 [29.10, 39.10] 32.20 [26.60, 37.40] <0.001

Hemoglobin (g/dL) 11.60 [9.70, 13.30] 12.30 [10.57, 13.90] 11.80 [10.00, 13.50] 11.50 [9.70, 13.05] 10.60 [8.80, 12.40] <0.001

 INR 1.40 [1.20, 1.80] 1.20 [1.10, 1.40] 1.30 [1.20, 1.70] 1.50 [1.30, 1.90] 1.70 [1.30, 2.30] <0.001

 Lactate (mmol/L) 2.00 [1.50, 2.98] 1.20 [1.00, 1.40] 1.80 [1.50, 2.00] 2.40 [2.00, 2.80] 4.30 [3.20, 6.15] <0.001

 Potassium (mEq/L) 4.10 [3.70, 4.60] 4.10 [3.80, 4.50] 4.10 [3.70, 4.50] 4.00 [3.60, 4.50] 4.10 [3.60, 4.75] 0.149

 PT (s) 15.50 [13.10, 19.80] 13.40 [12.10, 15.50] 15.00 [13.10, 18.12] 16.60 [13.95, 20.45] 18.40 [14.80, 24.40] <0.001

 RBC (K/uL) 3.69 [3.06, 4.23] 4.02 [3.48, 4.50] 3.76 [3.21, 4.31] 3.58 [2.95, 4.10] 3.24 [2.71, 3.90] <0.001

 RDW (%) 15.30 [14.10, 17.20] 14.60 [13.70, 16.20] 15.00 [14.00, 16.60] 15.80 [14.30, 17.85] 16.10 [14.75, 18.20] <0.001

 Sodium (mEq/L) 138.00 [134.00, 140.00] 138.00 [136.00, 141.00] 138.00 [135.00, 140.25] 136.00 [133.00, 140.00] 137.00 [133.00, 140.00] <0.001

 TB (mg/dL) 1.50 [0.70, 4.20] 0.70 [0.40, 1.50] 1.40 [0.70, 3.20] 2.20 [0.90, 5.85] 3.10 [1.40, 8.35] <0.001

 WBC (K/uL) 7.50 [5.30, 10.80] 6.80 [5.00, 9.22] 6.90 [4.90, 9.72] 8.10 [5.50, 11.55] 9.20 [5.95, 14.10] <0.001

Scoring system

 APSⅢ 60.00 [43.00, 79.00] 51.50 [37.00, 69.00] 56.00 [41.00, 72.00] 62.00 [47.00, 82.00] 72.00 [55.00, 91.50] <0.001

 OASIS 35.00 [29.00, 41.75] 33.00 [27.00, 40.00] 33.00 [28.00, 39.25] 36.00 [31.00, 41.00] 38.00 [31.00, 45.00] <0.001

 SAPSⅡ 36.50 [28.00, 47.00] 33.00 [25.00, 42.00] 35.00 [27.00, 45.00] 37.00 [29.00, 48.00] 41.00 [31.00, 54.00] <0.001

 SOFA 7.00 [5.00, 11.00] 6.00 [3.00, 8.00] 7.00 [5.00, 10.00] 7.00 [5.00, 10.50] 9.00 [6.00, 13.00] <0.001

 MELD 8.34 [3.58, 15.87] 4.30 [1.98, 9.41] 7.14 [3.23, 12.45] 10.34 [4.55, 17.43] 13.55 [7.38, 21.30] <0.001

 APRI 1.33 [0.57, 2.94] 0.65 [0.33, 1.63] 1.25 [0.58, 2.72] 1.50 [0.76, 2.96] 2.26 [1.05, 4.99] <0.001

 FIB-4 5.06 [2.54, 9.17] 2.91 [1.61, 5.69] 4.79 [2.58, 8.40] 5.71 [3.14, 9.50] 7.33 [4.32, 13.45] <0.001

 ALBI − 2.60 [− 3.29, − 1.95] − 3.36 [− 3.77, − 2.88] − 2.77 [− 3.29, − 2.27] − 2.28 [− 2.87, − 1.81] − 1.90 [− 2.48, − 1.44] <0.001

 LAR 0.06 [0.04, 0.10] 0.03 [0.03, 0.04] 0.05 [0.05, 0.06] 0.08 [0.07, 0.09] 0.15 [0.12, 0.23] <0.001

Comorbidities

 Liver related

viral_hepatitis (%)
No 2311 (96.2) 572 (95.3) 581 (96.8) 571 (96.6) 587 (96.1) 0.531

Yes 91 (3.8) 28 (4.7) 19 (3.2) 20 (3.4) 24 (3.9)

nonalcoholic_
steatohepatitis (%)

No 2259 (94.0) 553 (92.2) 564 (94.0) 550 (93.1) 592 (96.9) 0.003

Yes 143 (6.0) 47 (7.8) 36 (6.0) 41 (6.9) 19 (3.1)

alcoholic_cirrhosis 
(%)

No 1071 (44.6) 364 (60.7) 282 (47.0) 224 (37.9) 201 (32.9) <0.001

Yes 1331 (55.4) 236 (39.3) 318 (53.0) 367 (62.1) 410 (67.1)

autoimmune_liver_
disease (%)

No 2278 (94.8) 554 (92.3) 570 (95.0) 562 (95.1) 592 (96.9) 0.005

Yes 124 (5.2) 46 (7.7) 30 (5.0) 29 (4.9) 19 (3.1)

acute_and_
subacute_hepatic_
failure (%)

No 2216 (92.3) 568 (94.7) 564 (94.0) 547 (92.6) 537 (87.9) <0.001

Yes 186 (7.7) 32 (5.3) 36 (6.0) 44 (7.4) 74 (12.1)

Continued
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improvement of LAR. The results showed the net clinical benefit of each scoring tool had an improvement after 
considering LAR (Fig. 5).

Subgroup analysis for LAR index on 28d all-cause mortality
Subgroup analysis were performed to explore the relationship between the 28d all-cause mortality and LAR in 
different conditions. Subgroup analysis were conducted for gender, race, AKI, heart failure, respiratory failure, 
sepsis, alcoholic cirrhosis, esophageal varices blooding, hepatic encephalopathy, acute and subacute hepatic 
failure. When stratified analysis were performed for AKI, respiratory failure, sepsis, alcoholic cirrhosis, hepatic 
encephalopathy, acute and subacute hepatic failure, the forest plots showed no significant interaction between 
LAR and most subgroups (p > 0.05). The results were showed in Fig. 6.

Discussion
The area under the ROC curve (AUC) for LAR (66.44%) was higher than that of lactate alone (63.51%) or 
albumin alone (64.46%), indicating its superior predictive performance for 28-day mortality. Furthermore, the 
incorporation of LAR into established scoring systems for liver cirrhosis and critically ill patients—such as APRI, 
FIB-4, ALBI, APSIII, OASIS, SAPSII, MELD, and SOFA—significantly enhanced their prognostic accuracy.

level Overall Q1 Q2 Q3 Q4 p

Chronic hepatic 
failure (%)

No 2340 (97.4) 592 (98.7) 589 (98.2) 573 (97.0) 586 (95.9) 0.011

Yes 62 (2.6) 8 (1.3) 11 (1.8) 18 (3.0) 25 (4.1)

Esophageal varices 
blooding(%)

No 2067 (86.1) 530 (88.3) 520 (86.7) 510 (86.3) 507 (83.0) 0.054

Yes 335 (13.9) 70 (11.7) 80 (13.3) 81 (13.7) 104 (17.0)

Hepatic 
encephalopathy (%)

No 1970 (82.0) 533 (88.8) 491 (81.8) 464 (78.5) 482 (78.9) <0.001

Yes 432 (18.0) 67 (11.2) 109 (18.2) 127 (21.5) 129 (21.1)

Non-liver related

Diabetes (%)
No 1566 (65.2) 342 (57.0) 371 (61.8) 404 (68.4) 449 (73.5) <0.001

Yes 836 (34.8) 258 (43.0) 229 (38.2) 187 (31.6) 162 (26.5)

Atrial fibrillation 
(%)

No 1779 (74.1) 400 (66.7) 429 (71.5) 451 (76.3) 499 (81.7) <0.001

Yes 623 (25.9) 200 (33.3) 171 (28.5) 140 (23.7) 112 (18.3)

Hypertension (%)
No 1270 (52.9) 274 (45.7) 296 (49.3) 322 (54.5) 378 (61.9) <0.001

Yes 1132 (47.1) 326 (54.3) 304 (50.7) 269 (45.5) 233 (38.1)

Obesity (%)
No 1949 (81.1) 478 (79.7) 452 (75.3) 494 (83.6) 525 (85.9) <0.001

Yes 453 (18.9) 122 (20.3) 148 (24.7) 97 (16.4) 86 (14.1)

Heart failure (%)
No 1722 (71.7) 358 (59.7) 418 (69.7) 448 (75.8) 498 (81.5) <0.001

Yes 680 (28.3) 242 (40.3) 182 (30.3) 143 (24.2) 113 (18.5)

AKI(%)
No 752 (31.3) 223 (37.2) 201 (33.5) 166 (28.1) 162 (26.5) <0.001

Yes 1650 (68.7) 377 (62.8) 399 (66.5) 425 (71.9) 449 (73.5)

Respiratory failure 
(%)

No 1342 (55.9) 365 (60.8) 354 (59.0) 331 (56.0) 292 (47.8) <0.001

Yes 1060 (44.1) 235 (39.2) 246 (41.0) 260 (44.0) 319 (52.2)

Sepsis (%)
No 525 (21.9) 167 (27.8) 148 (24.7) 126 (21.3) 84 (13.7) <0.001

Yes 1877 (78.1) 433 (72.2) 452 (75.3) 465 (78.7) 527 (86.3)

Clinical treatment

Statins (%)
No 1740 (72.4) 358 (59.7) 421 (70.2) 444 (75.1) 517 (84.6) <0.001

Yes 662 (27.6) 242 (40.3) 179 (29.8) 147 (24.9) 94 (15.4)

Vasopressin (%)
No 1822 (75.9) 503 (83.8) 503 (83.8) 435 (73.6) 381 (62.4) <0.001

Yes 580 (24.1) 97 (16.2) 97 (16.2) 156 (26.4) 230 (37.6)

Fibrates (%)
No 2373 (98.8) 584 (97.3) 596 (99.3) 585 (99.0) 608 (99.5) 0.002

Yes 29 (1.2) 16 (2.7) 4 (0.7) 6 (1.0) 3 (0.5)

Mechanical 
ventilation (%)

No 949 (39.5) 263 (43.8) 262 (43.7) 229 (38.7) 195 (31.9) <0.001

Yes 1453 (60.5) 337 (56.2) 338 (56.3) 362 (61.3) 416 (68.1)

CRRT (%)
No 2037 (84.8) 537 (89.5) 525 (87.5) 494 (83.6) 481 (78.7) <0.001

Yes 365 (15.2) 63 (10.5) 75 (12.5) 97 (16.4) 130 (21.3)

Outcome

28 d mortality (%) 654(27.2) 88(14.7) 125(20.8) 178(30.1) 263(43.0) <0.001

90 d mortality (%) 845(35.2) 128(21.3) 174(29.0) 235(39.8) 308(50.4) <0.001

180 d mortality (%) 938(39.1) 155(25.8) 196(32.7) 261(44.2) 326(53.4) <0.001

1 year mortality (%) 1062(44.2) 191(31.8) 220(36.7) 297(20.3) 354(57.9) <0.001

Table 1.  All characteristics of patients with liver cirrhosis.
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In recent years, it is clear that the pathophysiological background of liver cirrhosis is characterized by a 
systemic proinflammatory and pro-oxidant milieu13, which results in the development of multiorgan dysfunction 
by two paths. The first one is that triggers the release of pro-inflammatory mediators through the systemic spread 
of bacteria and/or bacterial products from the gut and danger-associated molecular patterns from the diseased 
liver through the activation of immune cells. The systemic proinflammatory is responsible for functional and 
structural changes in the albumin. The other one is mitochondrial oxidative phosphorylation dysfunction, 
which could lead to lactate metabolism disorder. Many researchers commit to develop indicators to predict the 
prognosis of patients with liver cirrhosis, including RDW14, CRP15,16, neutrophil to lymphocyte ratio(NLR)17,18, 
AST/PLT ratio(APRI)19, urokinase plasminogen activator receptor (uPAR)20, neutrophil gelatinase-associated 

Factor

Model1 Model2 Model3

HR 95% CI P HR 96% CI P HR 97% CI P

28-day mortality P for trend:<0.001 P for trend:<0.001 P for trend: <0.001

Q1 – – – – – –

Q2 1.476 1.123, 1.938 0.005 1.467 1.116, 1.928 0.006 1.275 0.964, 1.687 0.088

Q3 2.239 1.734, 2.890 <0.001 2.255 1.745, 2.913 <0.001 1.532 1.169, 2.009 0.002

Q4 3.653 2.869, 4.651 <0.001 3.693 2.893, 4.714 <0.001 2.078 1.580, 2.733 <0.001

90-day mortality P for trend:<0.001 P for trend:<0.001 P for trend:<0.001

Q1 – – – – – –

Q2 1.43 1.138, 1.797 0.002 1.423 1.133, 1.789 0.002 1.251 0.990, 1.582 0.061

Q3 2.102 1.695, 2.607 <0.001 2.127 1.714, 2.640 <0.001 1.498 1.190, 1.884 <0.001

Q4 3.094 2.517, 3.803 <0.001 3.184 2.585, 3.923 <0.001 1.895 1.496, 2.400 <0.001

180-day mortality P for trend<0.001 P for trend:<0.001 P for trend:<0.001

Q1 – – – – – –

Q2 1.338 1.084, 1.652 0.007 1.332 1.079, 1.645 0.008 1.184 0.954, 1.471 0.125

Q3 1.96 1.607, 2.391 <0.001 1.985 1.626, 2.423 <0.001 1.433 1.159, 1.772 <0.001

Q4 2.757 2.277, 3.339 <0.001 2.854 2.352, 3.464 <0.001 1.773 1.423, 2.209 <0.001

365-day mortality P for trend:<0.001 P for trend:<0.001 P for trend:<0.001

Q1 – – – – – –

Q2 1.223 1.007, 1.485 0.042 1.219 1.004, 1.481 0.045 1.088 0.891, 1.328 0.407

Q3 1.843 1.536, 2.210 <0.001 1.87 1.558, 2.245 <0.001 1.386 1.140, 1.684 0.001

Q4 2.482 2.081, 2.960 <0.001 2.588 2.166, 3.093 <0.001 1.694 1.382, 2.075 <0.001

Table 2.  Cox regression analysis of LAR and 28d, 90d, 180d mortality in liver cirrhosis patients. HR, hazard 
ratio; CI, confidence interval. LAR index: Q1 (0.012–0.043), Q2 (0.043–0.064), Q3 (0.064–0.100), Q4 (0.100-
1.838). Model 1: unadjusted; Model 2: adjusted for admission age, gender, race; Model 3: Admission_age, 
Gender, Race, HR, RR, Alt, Anion_gap, Ast, Bun, Calcium, Creatinine, Plt, Glucose, Hemoglobin, INR, 
Potassium, RDW, Sodium, TB, WBC, Viral hepatitis, Acute and subacute hepatic failure, AKI, Alcoholic 
cirrhosis, Atrial fibrillation, Autoimmune liver disease, Chronic hepatic failure, CRRT, Diabetes, Esophageal 
varices blooding, Fibrates, Heart failure, Hepatic encephalopathy, Hypertension, nonalcoholic steatohepatitis, 
Obesity, Respiratory failure, Sepsis, Statins, Vasopressin, Mechanical ventilation.

 

Fig. 1.  Flowchart of selection process.
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lipocalin (NGAL)21, etc. The LAR has been employed as a novel predictor for critically ill patients22–24, with a 
notable capacity to predict mortality. Nevertheless, studies utilizing the LAR to forecast the prognosis of cirrhosis 
patients remain absent from the literature.

Lactate has been used to predict the prognosis of critically ill patients. The kinetics of lactate in patients 
with hepatic impairment diverge considerably from those observed in patients without hepatic impairment 
with regard to lactate metabolism25. It has been demonstrated that severe hepatic dysfunction has a significant 
detrimental impact on lactate clearance. Lactic acidosis in critically ill patients with cirrhosis is attributable 
to an increase in lactate production and a reduction in hepatic lactate disposal. This is due not only to tissue 
hypoxia, microcirculatory dysfunction, and increased glycolysis, but also to the underutilization of damaged 
mitochondrial oxidation26. While a healthy liver is capable of metabolizing approximately 70% of lactate, this 
capacity is impaired in chronic liver disease due to a reduction in functional hepatocyte mass27. Furthermore, a 
dysfunctional liver may even become a net lactate producer in critically ill patients.

Due to the persistent liver inflammatory state, serum albumin in cirrhosis patients undergoes structural and 
functional abnormalities that affect many of its properties, such as antioxidant, scavenging, immunomodulatory 
and endothelial protective functions. Consequently, the amount of circulating ‘effective’ albumin may be 
significantly reduced as a result of quantitative and qualitative changes13,28. Therefore, this explains the association 
between reduced albumin levels and poor prognosis. The systemic inflammatory response in patients with 
cirrhosis, including the production of inflammatory molecules, respiratory bursts, and processes such as cell 
migration and proliferation, requires large amounts of energy. In turn, states such as anorexia brought on by the 
inflammatory response reduce nutrient intake, which further promotes protein hydrolysis. In a metabolomics 
study of patients with liver failure, researchers found strong protein hydrolysis processes29.

Fig. 3.  Kaplan–Meier survival analysis curves for 28 d all-cause mortality.

 

Fig. 2.  RCS curve of LAR index and HR in patients with liver cirrhosis.
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Score AUC [95% CI] IDI+LAR[95% CI] (IQR) P-value IDI+LAR[95% CI] (numeric) P-value

APSⅢ 0.7874
[0.7681,0.8067] 0.0192 [ 0.0135,0.0249 ] 0 0.0235 [ 0.0155,0.0316 ] 0

OASIS 0.6893
[0.6658,0.7127]

0.0368
[ 0.029,0.0446 ] 0 0.0404

[ 0.0298,0.051 ] 0

SAPSⅡ 0.748
[0.7264,0.7696] 0.0274 [ 0.0206,0.0343 ] 0 0.0315 [ 0.0221,0.0408 ] 0

MELD 0.6826
[0.659,0.7063] 0.0267 [ 0.0202,0.0332 ] 0 0.0367 [ 0.0267,0.0468 ] 0

SOFA 0.7678
[0.7462,0.7894] 0.0151 [ 0.0099,0.0202 ] 0 0.0136 [ 0.0076,0.0195 ] 0

Table 3.  The IDI of the scoring tools and LAR.

 

Fig. 4.  ROC curve analysis of LAR, lactate, albumin for predicting 28 d mortality. (A) ROC curve analysis 
of LAR for predicting 28 d mortality, (B) ROC curve analysis of LAR, lactate and albumin for predicting 28d 
mortality.
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Fig. 6.  Forest plots of subgroup analysis of the relationship between LAR and 28d all-cause mortality.

 

Fig. 5.  Decision curves analysis of LAR.

 

Score AUC [95% CI] NRI+LAR[95% CI] (IQR) P-value NRI+LAR[95% CI] (numeric) P-value

APSⅢ 0.7874 [0.7681,0.8067] 0.0405 [ 0.0182–0.0628 ] 0.00037 0.2115 [0.1264–0.2965 ] 0

OASIS 0.6893 [0.6658,0.7127] 0.057 [ 0.0274–0.0865 ] 0.00016 0.3142 [0.2286–0.3998 ] 0

SAPSⅡ 0.748 [0.7264,0.7696] 0.0348 [ 0.0093–0.0603 ] 0.00747 0.2718 [0.1866–0.357 ] 0

MELD 0.6826 [0.659,0.7063] 0.0531 [ 0.0257–0.0806 ] 0.00015 0.2977 [0.2133–0.3821 ] 0

SOFA 0.7678 [0.7462,0.7894] − 0.0184 [–0.0378–0.0011 ] 0.065 0.1314 [0.0452–0.2176 ] 0.03

Table 4.  The NRI of the scoring tools and LAR index.
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In recent years, many researchers have reported the predictive value of LAR on different clinical settings. 
Cakir et al. found the LAR can be used to predict mortality in critically ill patients with sepsis30. Charipour et 
al. reported the LAR index is a prognostic marker in critically ill patients31. Our study showed that a high level 
of LAR index was strongly associated with 28-day all-cause mortality in critically ill patients with cirrhosis. 
This association held true even after potential confounders were considered. And all-cause mortality was 
linearly correlated with LAR index. A previous study on early prediction of mortality in patients with acute 
on chronic liver failure reported a significant correlation between LAR and in-hospital mortality (p < 0.001), 
which is similar to the present study24. This study also employed ROC curve analysis, which showed an area 
under the curve was 0.77. However, it should be noted that the study included patients with acute-on-chronic 
liver failure. In other words, the patients enrolled in this study exhibited a greater degree of illness severity 
than ours. Although LAR contributed to improved risk stratification and provided incremental prognostic value 
beyond conventional scoring systems, its AUC remained below 0.70, suggesting moderate discriminatory power. 
Thus, LAR may be best employed as a complementary, readily available biomarker rather than a stand-alone 
prognostic tool. In addition, LAR demonstrated a higher discriminative ability compared to other liver-specific 
indices including APRI, FIB-4, and ALBI, with AUC values of 0.6126(0.5874–0.6379) vs. 0.6356(0.6108–0.6604) 
vs. 0.6438(0.6198–0.6678), respectively. Moreover, the integration of LAR into established scoring systems 
(APSIII, OASIS, SAPSII, MELD, SOFA) significantly improved their predictive performance, as evidenced by 
IDI and NRI analyses (p < 0.05). Subgroup analyses revealed no significant interaction between LAR and 28-
day all-cause mortality across most predefined subgroups. However, interactions were observed in subgroups 
defined by gender, race, heart failure, and esophageal variceal bleeding, though these may be influenced by 
limited sample sizes. Interestingly, among cirrhotic patients with sepsis, higher LAR quartiles (Q3 and Q4) 
were associated with significantly increased hazard ratios for mortality, whereas no such trend was observed in 
non-septic patients. This aligns with previous studies highlighting the strong predictive utility of LAR in septic 
critically ill patients30,32.

In summary, this study demonstrated the important role of LAR in predicting all-cause mortality of patients 
with liver cirrhosis. However, there still exists several limitations in our study. First of all, the results were lack 
of representation, because all of patients enrolled are from an American population. And it is necessitating large 
studied to improve statistical power in subgroup analysis. Secondly, our study reported a cutoff value (0.076) 
derived from the Youden index. However, it is important to note that this threshold was exploratory and cohort-
specific. Therefore, external validation in independent populations is required prior to its implementation in 
clinical practice. Thirdly, as a study based on an electronic medical record database (MIMIC-Ⅳ database), it 
is inevitable that the database may not record some confounding factors. Therefore, the generalizability of the 
results requires further validation. Finally, since the study was single-center and retrospective, there is selection 
bias in the study design.

Conclusion
In conclusion, our study revealed that LAR index is a significant predictor of prognosis in critically ill patients 
with cirrhosis and has an approximately linear relationship with all-cause mortality. This will provide healthcare 
professionals with a simple, rapid and adjunction tool for early intervention for poor patient prognosis. LAR 
index still needs to be validated as a reliable biomarker for all-cause mortality in cirrhotic patients in large 
multicenter and prospective studies.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary 
information files].
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