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Introduction and Objectives: Novel predictors of prognosis in cirrhotic patients have been emerging in recent

years and studies show that the lactate/albumin ratio can serve as an early prognostic marker in different

patient groups. We aimed to uncover the clinical significance of the lactate/albumin ratio in hospitalized

patients with acutely decompensated cirrhosis.

Materials and Methods: A retrospective single-center cohort study was conducted in a tertiary medical center.

Subjects included had an established diagnosis of liver cirrhosis and were admitted to the ICU or the Internal

Medicine department with a clinical picture of acute-on-chronic liver failure between the years 2010 and

2021. The primary outcome was to assess the utility of the lactate/albumin ratio as a prognostic marker to

predict mortality in hospitalized cirrhotic patients with acute-on-chronic hepatic failure.

Results: Two hundred seventy-nine patients were included in this study. Univariate analysis revealed that

mean WBC count, platelet/creatinine ratio, aspartate transaminase (AST), lactate, and MELD score were all

significantly associated with the primary outcome. Multivariate analysis showed that the lactate/albumin

ratio was the strongest statistically significant (p < 0.001) predictor of death during hospitalization - OR

13.196 (95% CI 3.6−48.3), followed by mean WBC count, MELD score, and serum lactate levels. A ROC curve

was constructed, which resulted in an area under the curve (AUC) equal to 0.77. Crosstabs from the ROC

showed a sensitivity of 66.7% and a specificity of 76.2% when the lactate/albumin ratio chosen as a cutoff was

0.9061

Conclusions: Elevated lactate/albumin ratio predicts in-hospital mortality in hospitalized cirrhotics with

acute-on-chronic hepatic failure.

© 2023 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) TaggedEnd
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TaggedH11. Introduction TaggedEnd

TaggedPCirrhosis is the final pathological outcome of many chronic liver

diseases. Although several different etiologies can give rise to cirrho-

sis, the histopathological features are common: degeneration and

necrosis of hepatocytes, replacement of liver parenchyma by fibrotic

tissues with regenerative nodules, and loss of liver function. Cirrhotic

patients are at an increased risk for significant morbidity and mortal-

ity that may stem from complications of portal hypertension or

decompensation of their liver function [1]. TaggedEnd

TaggedPNovel predictors of prognosis in cirrhotic patients have been

emerging in recent years. Liver biopsy and hepatic venous pressure

gradient (HVPG) may be used but are finite due to the invasive nature

that they possess. The Child-Pugh and the model for end-stage liver

disease (MELD) Scores are used to assess the prognosis of cirrhotic

patients non-invasively. The former is used to grade the severity of

liver disease, and the latter is employed as a verifiable system to pri-

oritize candidates for liver transplantation [2]. The Child-Pugh score

has the inherent disadvantage of the subjective nature of the varia-

bles used to score, such as hepatic encephalopathy and ascites. On

the other hand, the MELD score is more applicable for end-stage

patients [2,3]. Several studies have attempted to compare the utility

of both scores as prognostic markers for cirrhotic patients, but all

were limited by the heterogeneous nature of the populations

included. It is, therefore, imperative that new scores are proposed to

assess the prognosis of patients with liver cirrhosis. TaggedEnd

TaggedEndTaggedEndAbbreviations: NAFLD, non-alcoholic fatty liver disease; MELD, model for end-stage

liver disease; HVPG, hepatic venous pressure gradient; (NO), nitric oxide; WBC, white

blood cell count: PLT, platelets; Hb, hemoglobin; BUN, blood urea nitrogen; ALK, alka-

line phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; GGT,

gamma-glutamyltransferase; INR, international normalized ratio
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TaggedPIn recent years, the CLIF-COF (CLIF- consortium organ failure)

score, which takes into account variables such as bilirubin, creatinine,

INR, and more, has emerged as a superior predictor of prognosis in

acute on chronic liver failure than the MELD score [4]. Moreover,

studies have shown that serum copeptin level is a predictor of mor-

tality in cirrhotic patients admitted for acute decompensation, inde-

pendently of MELD and CLIF-COF scores [5].TaggedEnd

TaggedPAlbumin is a protein that is secreted from the liver. In cirrho-

sis patients, the albumin protein undergoes both qualitative and

quantitative negative changes. Long-term albumin administration

to patients with decompensated cirrhosis has been shown to

improve survival and prevent complications [6,7]. Lactate is one

of the end-products of anaerobic glycolysis, and the liver is

responsible for up to 70% of the human body’s lactate clearance.

Lactate levels and clearance have been proven to predict the out-

come of critically ill patients in the ICU and, specifically, improve

the prediction of short-term mortality in critically ill patients

with cirrhosis as well as cirrhotic elderly patients [8,9]. Studies

show that the lactate/albumin ratio can serve as an early prog-

nostic marker in critically ill patients, as well as specifically in

critically ill patients with heart failure [9,10]. TaggedEnd

TaggedPThe clinical syndrome of Acute-on-chronic liver failure was

defined according to the European Association for the Study of

the Liver−Chronic Liver Failure (EASL-CLIF) Consortium, which

defines Acute-on-chronic liver failure as a clinical syndrome that

encompasses three major components: Acute decompensation

(inclusion criterion, present in all patients), organ failure (prede-

fined by the SOFA-CLIF score), and high 28-day mortality rate

(predefined threshold of 15%) [11]. Patients presenting with the

clinical syndrome of acute-on-chronic liver failure tend to exhibit

certain unique hemodynamic and inflammatory changes. The

high level of nitric oxide (NO) produced in the splanchnic circula-

tion leads to a reduction in the effective circulatory volume,

which triggers renal dysfunction in the form of hepatorenal syn-

drome. On the other hand, severe systemic inflammation and oxi-

dative stress may result in mitochondrial dysfunction and

reduced ATP synthesis, culminating in the buildup of lactate as an

end-product of anaerobic glycolysis [12]. It may therefore seem

intuitive to assume that the high levels of lactate coupled with

the loss of albumin due to the impairment of the synthetic

hepatic function may give rise to an increased lactate/albumin

ratio in patients with advanced cirrhosis and acute-on-chronic

liver disease. In this study, we aimed to uncover the clinical sig-

nificance and provide new insight into the predictive value of

these simple and readily available routine serum markers as pre-

dictors of adverse events in the setting of hepatic decompensa-

tion. TaggedEnd

TaggedH12. Materials and methods TaggedEnd

TaggedH22.1. Setting & design TaggedEnd

TaggedPWe conducted a retrospective single-center cohort study in a ter-

tiary medical center in Jerusalem, Israel. TaggedEnd

TaggedH22.2. Inclusion and exclusion criteria TaggedEnd

TaggedPIncluded in the study were subjects with an established diagnosis

of liver cirrhosis confirmed either histologically or in the setting of

compatible clinical, radiological, and laboratory pictures that were

admitted to the ICU or the Internal Medicine department with a clini-

cal picture of acute-on-chronic liver failure between the years 2010-

2021. Subjects for whom no clear diagnosis of cirrhosis was docu-

mented in the medical file or for whom no relevant medical or labo-

ratory data were available were excluded. TaggedEnd

TaggedH22.3. Primary & secondary outcomes TaggedEnd

TaggedPThe primary outcome of this study was to assess whether the lac-

tate/albumin ratio may be used as a prognostic marker to predict

morbidity & mortality in hospitalized cirrhotic patients with acute on

chronic hepatic failure. Secondary outcomes included the feasibility

of the Lactate/albumin ratio for predicting 30-day mortality and one-

year mortality. TaggedEnd

TaggedH22.4. Data collection TaggedEnd

TaggedPClinical records of all patients hospitalized between the years

2010-2021 that had cirrhosis were retrieved. Following the extrac-

tion of all the relevant data, data was collected including demo-

graphic characteristics (age and gender), clinical data (pre-existing

medical conditions such as diabetes, hypertension, and chronic kid-

ney disease, the reason for admission, and cirrhosis etiology), labora-

tory test results (WBC, Platelets, Hemoglobin, Sodium, Potassium,

BUN, Creatinine, Bilirubin, Albumin, Alkaline Phosphatase, Aspartate

Transaminase (AST), Alanine Transaminase (ALT), Gamma-Glutamyl-

transferase (GGT), INR, Lactate, MELD Score) and outcomes (death

during hospitalization, 30-day mortality, re-admission during one

year and death during one year). Biochemistry was measured using

the Architect c16000 by Abbot, CBC was measured using the Xe-2100

and XN-2000 by Sysmex, and Coagulation was measured using the

ACL Top 800 and ACL Top 500 by Werfen, Lactate was measured

using the ABL800 by Radiometer and GEM Premier 5000 by Werfen.

All the collected data were then arranged into ad-hoc excel tables. TaggedEnd

TaggedH22.5. Timing of Blood tests and the standard of care treatment TaggedEnd

TaggedPAs this study is focused on predicting outcomes in decompensa-

tion of cirrhosis (acute on chronic liver failure), the blood tests that

were chosen to be collected were those taken during the acute

decompensation stage of the patient - defined as the day of admission

to the Intensive care unit or admission to the high dependency unit.

Routine blood tests including albumin and lactate are performed for

all the subjects upon their admission to the intensive care unit/high-

dependency unit, in accordance with our institution’s protocol.

Therefore, and for all the subjects included, the albumin and lactate

tests were taken simultaneously. TaggedEnd

TaggedPUpon their admission to the ICU unit, all of the patients were

offered the standard of care treatment protocol which is based on

early recognition and correction of any underlying decompensation

trigger, coupled with invasive monitoring and adequate support for

any organ failure. TaggedEnd

TaggedH22.6. Definitions TaggedEnd

TaggedPThe clinical syndrome of Acute-on-chronic liver failure was

defined according to the European Association for the Study of the

Liver−Chronic Liver Failure (EASL-CLIF) Consortium, which defines

Acute-on-chronic liver failure as a clinical syndrome that encom-

passes three major components: Acute decompensation (defined as

the development of ascites, hepatic encephalopathy, gastrointestinal

hemorrhage and/or bacterial infection), organ failure (predefined by

the SOFA-CLIF score), and high 28-day mortality rate (predefined

threshold of 15%). The acute compensation stage of the patient was

defined as the day of admission to the Intensive care unit or high

dependency unit. TaggedEnd

TaggedH22.7. Statistical analysis TaggedEnd

TaggedPData was inserted into a Microsoft Excel (version 16.0) spread-

sheet and then transferred for analysis to SPSS (IBM Corp. Released

2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY:

TaggedEndI. Krispin, M. Mahamid, E. Goldin et al. Annals of Hepatology 28 (2023) 100897
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TaggedEndTaggedPIBM Corp.). Quantitative variables were compared using either the T-

Test or the Mann−Whitney test according to variable distribution.

For categorical variables, the x2 test or Fisher’s Exact test was simi-

larly chosen. Statistical significance was set at a p-value less than

0.05. To simultaneously assess the effect of several variables

(whether quantitative or categorical) on the dichotomous outcome

(survival/hospitalization), the multivariate logistic regression model

was applied. Lastly, ROC analysis was performed to find an optimal

cutoff, based on lactate/albumin values, for achieving the best bal-

ance between sensitivity and specificity. TaggedEnd

TaggedH22.8. Ethical statements TaggedEnd

TaggedPThe study protocol conforms to the ethical guidelines of the 1975

Declaration of Helsinki as reflected in a priori approval by the institu-

tion’s human research committee. Due to the non-interventional

design, the study was granted a waiver from the informed consent by

the hospital’s ethical committee (Helsinki Committee 0131-21-

SZMC). The data was coded to ensure patient confidentiality. TaggedEnd

TaggedH13. Results TaggedEnd

TaggedPTwo hundred seventy-nine patients were hospitalized at our ter-

tiary medical center between the years 2010-2021 with a diagnosis

of acute-on-chronic liver failure on the background of cirrhosis. The

mean age of the subjects was 69.87 § 12.87 years, and 177 (63.4%)

were males. One hundred and twenty-seven patients were diabetics

(45.5%), one hundred and twenty-five patients had hypertension

(44.8%) and fifty patients had chronic kidney disease (17.9%) (Table 1).

The most common reason for admission was gastroenterological

complaints that were reported in 84 (30.1%) of the study subjects.

Viral hepatitis was the leading etiology of cirrhosis in our study popu-

lation (79 subjects (28.3%)), followed closely by cryptogenic cirrhosis

(72 subjects (25.8%)) and NAFLD (48 subjects (17.2%)) (Table 1). TaggedEnd

TaggedPTwenty-four patients (8.6%) had cirrhosis due to secondary neo-

plastic metastases to the liver. These patients were excluded from

the statistical analysis because of their different disease course and

their grave prognosis, which could have adversely impacted the

TaggedEndTaggedPprimary outcome that we intended to measure (Table 1). The mean

MELD score of our study population was 19.76 § 8.64 with an aver-

age serum lactate level of 3.09 § 2.43 mmol/l and albumin level of

2.60 § 0.58 g/dl, thus corresponding to a lactate/albumin ratio of

1.29 § 1.14 for the whole of our study population (Table 2).TaggedEnd

TaggedPOne hundred twenty-three (44.1%) cirrhotic patients with

acute-on-chronic liver failure died during hospitalization. The

mean lactate/albumin ratio was significantly higher among sub-

jects who died during hospitalization (1.796 § 1.42) compared to

patients who survived until discharge (0.9 § 0.7) (p < 0.001). In

addition, the lactate/albumin ratio was higher statistically among

patients that died within 30 days of their hospitalization: (1.1 §

0.4) as opposed to patients that survived past 30 days (0.89 §

0.71) (N = 9, p = 0.03). However, no statistically significant differ-

ence in the mean lactate/albumin ratio was seen when applied to

patients who died within one year (N = 43, p = 0.249) from the

index hospitalization (Fig. 1). Similarly, sex (p = 0.9), diabetes

(p = 0.472), chronic kidney disease (p = 0.08), hypertension

(0.287), etiology of cirrhosis, and the reason for admission

(p = 0.161 and p = 0.4, respectively) were all found to be statisti-

cally insignificant pertaining to the outcome of death during hos-

pitalization, therefore proving that the lactate/albumin ratio was

an independent prognostic factor on death during hospitalization. TaggedEnd

TaggedPTo ascertain the effect of several different variables on the pri-

mary outcome, logistic regression was performed in a stepwise

fashion. Univariate analysis revealed that mean WBC count, plate-

let/creatinine ratio, aspartate transaminase AST, lactate, and

MELD score were all significantly associated with the primary

outcome. Multivariate analysis was then performed and showed

that the lactate/albumin ratio was the strongest statistically sig-

nificant (p < 0.001) predictor of death during hospitalization - OR

13.196 (95% CI 3.6-48.3), followed by mean WBC count, MELD

score, and serum lactate levels. (Table 3). Finally, a ROC curve

was built, which showed an area under the curve (AUC) equal to

0.77. Crosstabs from the ROC showed a sensitivity of 66.7% and a

specificity of 76.2% when the lactate/albumin ratio chosen as a

cutoff was 0.90616 − Fig. 2. TaggedEnd

TaggedEnd Table 1

Descriptive statistics, etiology of cirrhosis and reason

for admission in the study population.

Parameter Value

Age years (Mean§SD) 69.87 § 12.87

Sex:

Male, N (%) 177 (63.4)

Female, N (%) 102 (36.6)

Background Illnesses:

Diabetes, N (%)d 127 (45.5)

Chronic Kidney Disease, N (%) 50 (17.9)

Hypertension, N (%) 125 (44.8)

Etiology of Cirrhosis:

Cryptogenic, N (%) 72 (25.8)

Alcoholic, N (%) 19 (6.8)

Viral, N (%) 79 (28.3)

Autoimmune, N (%) 13 (4.7)

NAFLD, N (%) 48 (17.2)

Cardiac, N (%) 21 (7.5)

Neoplastic, N (%) 24 (8.6)

Genetic, N (%) 3 (1.1)

Reason for Admission:

Cardiac, N (%) 21 (7.5)

Gastrointestinal, N (%) 84 (30.1)

Neurological, N (%) 48 (17.2)

Pulmonological, N (%) 33 (11.8)

Nephrological, N (%) 5 (1.8)

Infectious, N (%) 25 (9)

Hematological, N (%) 2 (0.7)

Other, N (%) 61 (21.9)

TaggedEnd Table 2

Laboratory values in the study population.

Parameter Value

MELD (Mean§SD) 19.76 § 8.64

WBC 10^9/L (Mean§SD) 9.44 § 5.97

PLT/Creatinine (10^3/mL)/(mEq/L) (Mean§SD) 115.99 § 121.7

Neutrophils % (Mean§SD) 76.36 § 12.23

PLT 10^3/mL(Mean§SD) 134.42 § 90.62

Hb g/dL (Mean§SD) 10.42 § 2.22

Na+ mEq/L (Mean§SD) 135.89 § 6.16

K+ mEq/L (Mean§SD) 4.34 § 0.72

BUNmg/dL (Mean§SD) 45.70 § 33.89

Creatinine mEq/L (Mean§SD) 1.77 § 1.45

Bilirubin mg/dL (Mean§SD) 3.86 § 5.42

Albumin g/dL (Mean§SD) 2.60 § 0.58

ALK IU/L (Mean§SD) 204.45 § 203.28

AST IU/L (Mean§SD) 131.97 § 354.09

ALT IU/L (Mean§SD) 69.41 § 174.09

GGT IU/L (Mean§SD) 216.82 § 334.98

INR (Mean§SD) 1.60 § 0.73

Lactate mmol/L (Mean§SD) 3.09 § 2.43

Lactate/Albumin Ratio (Mean§SD) 1.29 § 1.14

Death During Hospitalization (%) 123 (44.1)

NAFLD, Non-Alcoholic Fatty Liver Disease; MELD, Model for End-stage

Liver Disease; WBC, White Blood Cell Count: PLT, Platelets; Hb, Hemo-

globin; Na+, Sodium; K+, Potassium; BUN, Blood Urea Nitrogen; ALK,

Alkaline Phosphatase; AST, Aspartate Transaminase; ALT, Alanine

Transaminase; GGT, Gamma-Glutamyltransferase; INR, International

Normalized Ratio.
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TaggedH14. Discussion TaggedEnd

TaggedPThe main finding of our study is that the lactate/albumin ratio in

cirrhotic patients is an independent prognostic factor for mortality

during hospitalization. The association was statistically significant

even after adjusting for comorbidities, the reason for admission, and

the etiology of cirrhosis, thus providing further evidence of the

TaggedEndTaggedPstrength of the association. To the best of our knowledge, this is the

first report to address this important clinical association in the setting

of cirrhotic patients. TaggedEnd

TaggedPNumerous papers in recent years have reported that the lactate/

albumin ratio may predict mortality in several different clinical set-

tings. Gharipour et al. found that the lactate/albumin ratio is an early

prognostic marker in critically ill patients in the intensive care unit

[10], Arroyo et al. reported that the lactate/albumin ratio is a predic-

tor of in-hospital mortality in septic patients presenting to the emer-

gency department [13], Cakir and Turan found that the lactate/

albumin ratio was more effective than lactate or albumin alone in

predicting outcomes in intensive care patients with sepsis [15], Bou

Chebl et al. reported that the lactate/albumin ratio could be used as a

prognostic factor in lower respiratory tract infection patients [14]. TaggedEnd

TaggedPOur findings may have several important implications. First, the

lactate/albumin ratio can be readily measured and easily incorpo-

rated into clinical decision-making, which could serve to prioritize

patients that may benefit more from intensive care services consider-

ing the increased risk of death among this patient population. TaggedEnd

TaggedPMoreover, owing to the objective nature of its two parameters,

the lactate/albumin ratio seems to overcome the limitations that are

associated with other widely adopted prognostic scoring systems,

such as the Child-Pugh score and the MELD score. Originally pro-

posed by Child and Turcotte back in 1964 to predict the prognosis of

cirrhotic patients, the CTP score encompasses subjective elements

such as ascites and encephalopathy, which are both amenable to sub-

jective assessment of the treating physician and, as such, are prone to

human error and lapses in clinical judgment [2,15]. On the other

hand, the MELD score seems to function better when employed as an

organ allocation tool rather than as a mere prognostic marker

[15,16]. This is also implied by the results of the multivariate logistic

regression in our study, where the albumin/creatinine ratio corre-

lated better with mortality during hospitalization when compared to

the MELD score. TaggedEnd

TaggedPOur results indicate that the lactate/albumin ratio predicts mortal-

ity primarily during the acute period of hospitalization (p < 0.001)

but fails to predict mortality when the same patient population is fol-

lowed for one year. We hypothesize that this ratio does not function

well as a long-term outcome predictor because a substantial portion

of cirrhotic patients develop the final common pathway of liver insuf-

ficiency with poor outcomes and high mortality rates, thereby effec-

tively eliminating any effect this ratio may have on mortality. With

regard to short-term mortality after the index hospitalization, the

lactate/albumin ratio seemed to correlate well with the 30-day mor-

tality (p = 0.03), although the relatively small sample size of patients

who died within this specific time window (n = 9) limits our ability to

draw any conclusions with absolute certainty. More robust data

based on larger populations are needed to confirm whether any pos-

sible association does exist. TaggedEnd

TaggedPThe univariate analysis also revealed that mean WBC count

(p = 0.005), platelet/creatinine ratio (p = 0.036), lactate (p = 0.003),

and MELD score (p = 0.009) were all significantly associated with

mortality during hospitalization. These findings are in line with what

was reported elsewhere in the literature: Wiesner et al. found that

leucocyte ratios are biomarkers of mortality in patients with acute

decompensation of cirrhosis and acute-on-chronic liver failure [17],

Tas et al. reported that lactate levels improve the prediction of short-

term mortality in critically ill patients with cirrhosis [8], Christensen

found that lactate levels predict 6-months mortality in patients with

hepatitis B virus-related decompensated Cholongitas and Burroughs

conducted a meta-analysis study that showed the high diagnostic

accuracy of the MELD score as a prognostic tool in acute on chronic

liver failure [2,18]. Of note, the platelet/creatinine ratio was proposed

during this study as a novel ratio that may help predict the outcome

of cirrhotic patients in the future. Larger prospective trials are needed

to fully understand the significance of this ratio. TaggedEnd

TaggedFigure

Fig. 1. Mean lactate/albumin ratios among patients who died (right) and patients who

survived the hospitalization. TaggedEnd

TaggedEnd Table 3

Logistic regression, stepwise approach.

Parameter P-Value Adjusted OR 95% CI for OR

Lactate/albumin Ratio <0.001 13.196 3.6−48.3

MELD 0.009 1.054 1.013−1.097

WBC 0.005 1.097 1.029−1.169

Lactate 0.003 0.44 0.257−0.754

PLT/creatinine 0.036 0.996 0.993−1.000

MELD, Model for End-stage Liver Disease; WBC, White Blood Cell Count; PLT,

Platelets

TaggedFigure

Fig. 2. AUC of the lactate/albumin ratio death during hospitalization. TaggedEnd
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TaggedPLastly, a ROC curve was constructed to evaluate the sensitivity and

specificity of our model to predict mortality during hospitalization in

cirrhotic patients using the lactate/albumin ratio. The AUC was 0.77

(95% CI, 0.712-0.828). When crosstabs were chosen from the ROC at

lactate/albumin ratio = 0.90616, a sensitivity of 66.7% and a specificity

of 76.2% were achieved. These results are comparable to those of the

well-established prediction models of the MELD score and the CLIF-C

OF score [19,20]. A study conducted by Kamath PS et al. reported a

MELD score with an AUC of 0.78 for a 3-month mortality prediction

(95% CI 0.74-0.81) [21]. Marroni CP et al. found that the MELD score

had an AUC of 0.79 (95% CI 0.72-0.87) when predicting three- and six-

month mortality in cirrhotic patients on the waiting list for liver trans-

plantation [22]. In contrast, the AUC for the CLIF-C OF score for predict-

ing 28-day mortality among Portuguese ACLF patients was 0.844 [23].TaggedEnd

TaggedPOur study has several limitations − namely, the retrospective sin-

gle-center design, which limits the generalizability of the conclu-

sions. The acute decompensation stage of the patient’s

hospitalization (defined as the day of admission to the intensive care

unit) may have been difficult to identify precisely and as such, it may

not be necessarily reflective of the point of maximal hepatic decom-

pensation. This may have precluded the use of single-serum sample

lactate as a marker for decompensation and in that sense, it could be

argued that the average serum lactate level during hospitalization

might have been a more reliable marker of hepatic decompensation.

Furthermore, serum lactate and albumin might have been affected by

the condition of the patients before the institution of treatment or by

medical therapy (such as albumin infusion for hepatorenal syndrome

or following large-volume paracentesis). This explains, at least in

part, the modest sensitivity and specificity of our prediction model

and highlights the need for future prospective studies to confirm the

validity of our findings. Finally, a small proportion of patients may

have also been referred to other healthcare institutions following

their index hospitalization, thus rendering the data on their out-

comes potentially inaccessible, which could potentially influence

their secondary outcomes of 30-day and 1-year mortality. However,

many of the patients were known to our liver clinic and internal

medicine wards and, as such, were more likely to present to our hos-

pital rather than other healthcare facilities. TaggedEnd

TaggedPOn the other hand, the obvious strengths of our study are the rela-

tively large sample size of a cirrhotic patient population with differ-

ent etiologies, including less abundant etiologies (such as alpha1-

antitrypsin deficiency), which closely reflects the real-world popula-

tion of cirrhotic patients. The albumin/creatinine ratio was examined

using three different statistical models: the t-test, logistic regression,

and ROC curve, therefore providing a sound methodological basis for

the performance of the prediction model and the conclusions inferred

from it.TaggedEnd

TaggedPLastly, our model enables the prediction of clinical outcomes in a

very feasible and objective way using readily available standard

blood tests to help identify patients that are at an increased risk of

adverse outcomes. TaggedEnd

TaggedH15. Conclusions TaggedEnd

Ta ggedPIn conclusion, the lactate/albumin ratio was found to be an inde-

pendent predictor of in-hospital mortality of cirrhotic patients.

Future research should include prospective multicentric studies to

examine the applicability of our findings to broader clinical settings. TaggedEnd

TaggedH1Data availability statement TaggedEnd

TaggedPAvailable from the corresponding author upon request. TaggedEnd

TaggedH1Funding TaggedEnd

TaggedPThis research did not receive any specific grant from funding

agencies in the public, commercial, or not-for-profit sectors.TaggedEnd

TaggedH1Declaration of interest TaggedEnd

TaggedPNone. TaggedEnd

TaggedH1Author contributions TaggedEnd

TaggedPItamar Krispin: Conceptualization, Methodology, Formal analysis,

Data curation, Writing − original draft. Mahmud Mahamid: Concep-

tualization, Methodology, Writing − review & editing. Eran Goldin:

Conceptualization, Methodology, Writing − review & editing. Bashar

Fteiha: Conceptualization, Methodology, Writing − original draft,

Writing − review & editing, Formal analysis, Supervision. TaggedEnd

TaggedH1References TaggedEnd

TaggedP [1] Zhou WC, Zhang QB, Qiao L. Pathogenesis of liver cirrhosis. World J Gastroenterol
2014;20(23):7312–24. https://doi.org/10.3748/wjg.v20.i23.7312. TaggedEnd

TaggedP [2] Christensen E. Prognostic models including the child-pugh, MELD and Mayo risk
scores−where are we and where should we go? J Hepatol 2004;41(2):344–50.
https://doi.org/10.1016/j.jhep.2004.06.005.TaggedEnd

TaggedP [3] Peng Y, Qi X, Guo X. Child-pugh versus MELD score for the assessment of
prognosis in liver cirrhosis: a systematic review and meta-analysis of obser-
vational studies. Medicine 2016;95(8):e2877. (Baltimore). https://doi.org/
10.1097/md.0000000000002877. TaggedEnd

TaggedP [4] Chen SH, Wan QS, Wang T, Zhang KH. Fluid biomarkers for predicting the progno-
sis of liver cirrhosis. Biomed Res Int 2020;2020:7170457. https://doi.org/10.1155/
2020/7170457.TaggedEnd

TaggedP [5] Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Gin�es P, et al. Development and
validation of a prognostic score to predict mortality in patients with acute-on-
chronic liver failure. J Hepatol 2014;61(5):1038–47. https://doi.org/10.1016/j.
jhep.2014.06.012.TaggedEnd

TaggedP [6] Kerbert AJC, Verspaget HW, Navarro �AA, Jalan R, Sol�a E, Benten D, et al. Copeptin
in acute decompensation of liver cirrhosis: relationship with acute-on-chronic
liver failure and short-term survival. Crit Care 2017;21(1):321. https://doi.org/
10.1186/s13054-017-1894-8. TaggedEnd

TaggedP [7] Bernardi M, Angeli P, Claria J, Moreau R, Gines P, Jalan R, et al. Albumin in decom-
pensated cirrhosis: new concepts and perspectives. Gut 2020;69(6):1127–38.
https://doi.org/10.1136/gutjnl-2019-318843. TaggedEnd

TaggedP [8] Tas A, Akbal E, Beyazit Y, Kocak E. Serum lactate level predict mortality in elderly
patients with cirrhosis. Wien Klin Wochenschr 2012;124(15-16):520–5. https://
doi.org/10.1007/s00508-012-0208-z. TaggedEnd

TaggedP [9] Drolz A, Horvatits T, Rutter K, Landahl F, Roedl K, Meersseman P, et al. Lactate
improves prediction of short-term mortality in critically ill patients with cirrho-
sis: a multinational study. Hepatology 2019;69(1):258–69. https://doi.org/
10.1002/hep.30151. TaggedEnd

TaggedP[10] Gharipour A, Razavi R, Gharipour M, Mukasa D. Lactate/albumin ratio: an early
prognostic marker in critically ill patients. Am J Emerg Med 2020;38(10):2088–
95. https://doi.org/10.1016/j.ajem.2020.06.067. TaggedEnd

TaggedP[11] Guo W, Zhao L, Zhao H, Zeng F, Peng C, Guo W, et al. The value of lactate/albumin
ratio for predicting the clinical outcomes of critically ill patients with heart fail-
ure. Ann Transl Med 2021;9(2):118. https://doi.org/10.21037/atm-20-4519. TaggedEnd

TaggedP[12] Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-chronic
liver failure is a distinct syndrome that develops in patients with acute decom-
pensation of cirrhosis. Gastroenterology 2013;144(7):1426–37 37.e1-9. https://
doi.org/10.1053/j.gastro.2013.02.042. TaggedEnd

TaggedP[13] Arroyo V, Moreau R, Jalan R. Acute-on-chronic liver failure. N Engl J Med
2020;382(22):2137–45. https://doi.org/10.1056/NEJMra1914900. TaggedEnd

TaggedP[14] Bou Chebl R, Jamali S, Sabra M, Safa R, Berbari I, Shami A, et al. Lactate/albumin
ratio as a predictor of in-hospital mortality in septic patients presenting to the
emergency department. Front Med 2020;7:550182 (Lausanne). https://doi.org/
10.3389/fmed.2020.550182. TaggedEnd

TaggedP[15] Cakir E, Turan IO. Lactate/albumin ratio is more effective than lactate or
albumin alone in predicting clinical outcomes in intensive care patients with
sepsis. Scand J Clin Lab Invest 2021;81(3):225–9. https://doi.org/10.1080/
00365513.2021.1901306. TaggedEnd

TaggedP[16] Lee BK, Ryu S, Oh SK, Ahn HJ, Jeon SY, Jeong WJ, et al. Lactate dehydrogenase to
albumin ratio as a prognostic factor in lower respiratory tract infection patients.
Am J Emerg Med 2022;52:54–8. https://doi.org/10.1016/j.ajem.2021.11.028. TaggedEnd

TaggedP[17] Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for
end-stage liver disease (MELD) and allocation of donor livers. Gastroenterology
2003;124(1):91–6. https://doi.org/10.1053/gast.2003.50016.TaggedEnd

5

TaggedEndI. Krispin, M. Mahamid, E. Goldin et al. Annals of Hepatology 28 (2023) 100897

https://doi.org/10.3748/wjg.v20.i23.7312
https://doi.org/10.1016/j.jhep.2004.06.005
https://doi.org/10.1097/md.0000000000002877
https://doi.org/10.1097/md.0000000000002877
https://doi.org/10.1155/2020/7170457
https://doi.org/10.1155/2020/7170457
https://doi.org/10.1016/j.jhep.2014.06.012
https://doi.org/10.1016/j.jhep.2014.06.012
https://doi.org/10.1186/s13054-017-1894-8
https://doi.org/10.1186/s13054-017-1894-8
https://doi.org/10.1136/gutjnl-2019-318843
https://doi.org/10.1007/s00508-012-0208-z
https://doi.org/10.1007/s00508-012-0208-z
https://doi.org/10.1002/hep.30151
https://doi.org/10.1002/hep.30151
https://doi.org/10.1016/j.ajem.2020.06.067
https://doi.org/10.21037/atm-20-4519
https://doi.org/10.1053/j.gastro.2013.02.042
https://doi.org/10.1053/j.gastro.2013.02.042
https://doi.org/10.1056/NEJMra1914900
https://doi.org/10.3389/fmed.2020.550182
https://doi.org/10.3389/fmed.2020.550182
https://doi.org/10.1080/00365513.2021.1901306
https://doi.org/10.1080/00365513.2021.1901306
https://doi.org/10.1016/j.ajem.2021.11.028
https://doi.org/10.1053/gast.2003.50016


TaggedP[18] Cholongitas E, Burroughs AK. The evolution in the prioritization for liver trans-
plantation. Ann Gastroenterol 2012;25(1):6–13. TaggedEnd

TaggedP[19] Marroni CP, de Mello Brand~ao AB, Hennigen AW, Marroni C, Zanotelli ML, Canti-
sani G, et al. MELD scores with incorporation of serum sodium and death predic-
tion in cirrhotic patients on the waiting list for liver transplantation: a single
center experience in southern Brazil. Clin Transplant 2012;26(4):E395–401.
https://doi.org/10.1111/j.1399-0012.2012.01688.x. TaggedEnd

TaggedP[20] Perdigoto DN, Figueiredo P, Tome L. The role of the CLIF-C OF and the 2016 MELD
in prognosis of cirrhosis with and without acute-on-chronic liver failure. Ann
Hepatol 2019;18(1):48–57. https://doi.org/10.5604/01.3001.0012.7862. TaggedEnd

TaggedP[21] Bernsmeier C, Cavazza A, Fatourou EM, Theocharidou E, Akintimehin A, Baum-
gartner B, et al. Leucocyte ratios are biomarkers of mortality in patients with
acute decompensation of cirrhosis and acute-on-chronic liver failure. Aliment
Pharmacol Ther 2020;52(5):855–65. https://doi.org/10.1111/apt.15932. TaggedEnd

TaggedP[22] Nie Y, Liu LX, Chen T, Zhang Y, Zhu X. Serum lactate level predicts 6-months mortality
in patients with hepatitis B virus-related decompensated cirrhosis: a retrospective
study. Epidemiol Infect 2021;149:e26. https://doi.org/10.1017/s0950268820003143.TaggedEnd

TaggedP[23] Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL,
et al. A model to predict survival in patients with end-stage liver disease. Hepatol-
ogy 2001;33(2):464–70. https://doi.org/10.1053/jhep.2001.22172. TaggedEnd

6

TaggedEndI. Krispin, M. Mahamid, E. Goldin et al. Annals of Hepatology 28 (2023) 100897

http://refhub.elsevier.com/S1665-2681(23)00001-7/sbref0018
http://refhub.elsevier.com/S1665-2681(23)00001-7/sbref0018
https://doi.org/10.1111/j.1399-0012.2012.01688.x
https://doi.org/10.5604/01.3001.0012.7862
https://doi.org/10.1111/apt.15932
https://doi.org/10.1017/s0950268820003143
https://doi.org/10.1053/jhep.2001.22172

	Elevated lactate/albumin ratio as a novel predictor of in-hospital mortality in hospitalized cirrhotics
	1. Introduction
	2. Materials and methods
	2.1. Setting and design
	2.2. Inclusion and exclusion criteria
	2.3. Primary and secondary outcomes
	2.4. Data collection
	2.5. Timing of Blood tests and the standard of care treatment
	2.6. Definitions
	2.7. Statistical analysis
	2.8. Ethical statements

	3. Results
	4. Discussion
	5. Conclusions
	Data availability statement
	Funding
	Declaration of interest
	Author contributions
	References


