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Abstract 

Background The AST/ALT ratio is a biochemical marker associated with poor clinical outcomes in various patients, 
but its role in severe cirrhosis is unclear. This study investigated the relationship between the AST/ALT ratio and mor-
tality in the intensive care unit (ICU) patients with cirrhosis.

Methods This retrospective cohort study analyzed 2,090 liver cirrhosis patients from the MIMIC-IV database, focus-
ing on their first ICU admission between 2008 and 2019. The AST/ALT ratio, measured within 24 h of admission, 
was the exposure variable, and the main outcome was 28-day mortality. A multivariable logistic regression model 
evaluated the link between the AST/ALT ratio and mortality. Nonlinear relationships were explored using smooth 
curve fitting and saturation effect analyses. Stratified analyses and interaction tests were also performed based 
on demographic and clinical characteristics.

Results The study involved 2,090 critically ill liver cirrhosis patients, averaging 59.1 years old, with 65% male 
and a 28-day post-ICU admission mortality rate of 29%. The AST/ALT ratio was linked to mortality risk (adjusted odds 
ratio (OR) 1.1, 95% confidence interval (CI) 1.0–1.2; p = 0.015), showing a nonlinear pattern with a critical point at 3.6. 
Below this, each unit increase raised mortality risk by 40% (adjusted OR 1.4, 95% CI 1.2–1.6, p < 0.001), but the effect 
plateaued beyond this level (adjusted OR 1.0, 95% CI 0.8–1.1, p = 0.600). Subgroup analyses confirmed the consistent 
association, with interaction P values over 0.05.

Conclusions The AST/ALT ratio is an independent predictor of 28-day mortality in critically ill cirrhotic patients, 
with a nonlinear relationship (risk increases up to a ratio of ~ 3.6, then plateaus). This marker could enhance ICU risk 
stratification and inform clinical decision-making.
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Introduction
Globally, chronic liver cirrhosis poses a grave and grow-
ing public health threat [1, 2]. Recent research has 
demonstrated that in 2019, approximately 1.47 million 
individuals worldwide succumbed to cirrhosis and other 
chronic liver diseases, representing a 63.5% increase 
compared with 1990 [3]. In intensive care units (ICUs), 
patients suffering from cirrhosis generally exhibit more 
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complex conditions and higher mortality rates compared 
to other ICU patients [4, 5]. Studies show that the ICU 
in-hospital mortality rate for cirrhosis patients can be as 
high as 52%. Reported ICU mortality rates for cirrhotic 
patients range from about 35% [6, 7] to as high as 42% 
within the ICU and 54% by hospital discharge in some 
studies [8]. These findings underscore the challenges of 
managing cirrhosis in intensive care settings. Cirrho-
sis is marked by fibrosis and nodule formation due to 
ongoing hepatocellular damage, significantly impairing 
liver structure and function [9]. As the disease advances, 
patients may experience severe complications, including 
portal hypertension, liver failure, and hepatic encepha-
lopathy [10, 11]. These complications have a significant 
impact on patients’quality of life and result in a consider-
able increase in the requirement for intensive care treat-
ment, particularly during acute decompensation [12].

The Child–Pugh and Model for End-stage Liver Dis-
ease (MELD) scores are commonly used to assess the 
prognoses of cirrhotic patients, but their effectiveness in 
ICUs is debated. Research findings suggest that the prog-
nosis of cirrhotic patients in ICUs is influenced by com-
plex, multifactorial interactions [13–15], emphasizing 
the necessity for more comprehensive assessment meth-
ods [16]. This highlights the need for additional research 
into prognostic markers for patients with advanced cir-
rhosis [17]. Recent studies have explored the integration 
of novel biomarkers and clinical parameters to increase 
prognostic accuracy [18, 19].

The aspartate aminotransferase (AST) to alanine ami-
notransferase (ALT) ratio is a significant prognostic 
marker for liver diseases [20–22], with recent studies 
highlighting its association with poor outcomes in cir-
rhosis patients. This highlights its utility in assessing liver 
fibrosis and predicting outcomes in chronic liver disease 
cases [23].

Despite extensive literature on outpatients and general 
inpatients, the relationship between the AST/ALT ratio 
and short-term prognosis in cirrhotic patients in ICUs 
requires further study. Therefore, we utilized the Medi-
cal Information Mart for Intensive Care IV (MIMIC-IV) 
database, a widely used public resource for intensive 
care research [24], to examine the association between 
the AST/ALT ratio and 28-day mortality following ICU 
admission in critically ill cirrhotic patients.

Materials and methods
Data source
This study utilized data from the MIMIC-IV, version 2.2, 
a publicly accessible database containing clinical informa-
tion on over 52,000 patients admitted to Beth Israel Dea-
coness Medical Center between 2008 and 2019. Before 
accessing the database, scholars completed the Protecting 

Human Research Participants training program (certifi-
cate number 61979179) to ensure compliance with ethi-
cal standards in human subject research. The MIMIC-IV 
database employed rigorous deidentification protocols, 
safeguarding patient privacy and confidentiality.

Study population
This single-center retrospective cohort study analyzed 
2,090 patients with liver cirrhosis admitted to the ICU 
for the first time. The liver cirrhosis diagnosis utilized 
ICD codes (Supplementary Table S1) from the MIMIC-
IV database. Exclusion criteria included (1) liver cancer 
or other malignancies, (2) ICU stays under 24 h, (3) age 
below 18, and (4) missing outcome data or data for ALT 
or AST. Liver cirrhosis diagnosis was determined using 
ICD codes from the MIMIC-IV database. The data col-
lection process utilized SQL to extract patient demo-
graphics, lab results, diagnoses, and treatment details 
from the MIMIC-IV database.

Variables
The exposure variable, the AST/ALT ratio, was derived 
from initial measurements taken within 24 h of ICU 
admission. Standard biochemical procedures were uti-
lized to measure AST and ALT. The AST/ALT ratio was 
analyzed as a continuous variable and divided into ter-
tiles for analysis. The main outcome assessed was 28-day 
all-cause mortality, defined as death from any cause 
within 28 days of ICU admission, regardless of whether 
the death occurred in the ICU, after transfer to a regu-
lar ward, or following hospital discharge. All patients 
were followed for at least 28 days or until death, which-
ever came first. For patients discharged from the hos-
pital within the 28-day window, survival status was 
determined through the hospital’s follow-up records in 
the MIMIC-IV database. Mortality status was ascertained 
through a comprehensive review of electronic health 
records in the MIMIC-IV database. The analysis incorpo-
rated the following covariates: age, sex, race, white blood 
cell (WBC) count, platelet count, hemoglobin, sodium, 
chloride, hypertension, acute kidney injury, mechani-
cal ventilation, continuous renal replacement therapy 
(CRRT), Sequential Organ Failure Assessment (SOFA) 
score, MELD score, and the use of diuretics and vasoac-
tive drugs. The selection of these covariates was informed 
by a comprehensive review of the extant literature and 
their clinical relevance to the prognosis of liver cirrhosis. 
It should be noted that while AST and ALT were meas-
ured within the first 24 h of ICU admission, intervention-
related covariates (mechanical ventilation, vasopressors, 
CRRT) reflected treatments initiated at any point during 
the ICU stay. We acknowledged this temporal ambiguity 
might have resulted in adjusting for potential mediators 
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rather than solely confounders. Definitions and measure-
ments of the aforementioned covariates followed stand-
ard procedures as outlined in the MIMIC-IV database.

Ethical
Approval for the study was obtained from the Institu-
tional Review Boards of BIDMC and MIT. Due to its ret-
rospective design and use of deidentified data, informed 
consent was waived. The research adhered to the Dec-
laration of Helsinki, ensuring compliance with medical 
ethics in human subject research. The study design and 
reporting followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guide-
lines to ensure the methodological and transparent pres-
entation of observational research results.

Statistical analysis
We utilized the median with interquartile range (IQR) 
or the mean with standard deviation (SD), depending 
on data distribution, to analyze continuous variables. 
Categorical variables were presented as counts and per-
centages. Differences across AST/ALT ratio tertiles were 
analyzed using one-way ANOVA or the Kruskal–Wallis 
test for continuous variables and the chi-square test or 
Fisher’s exact test for categorical variables, as applicable.

This study evaluated the relationship between the AST/
ALT ratio and 28-day mortality following ICU admission 
using multivariable logistic regression models. The analy-
sis employed three models: 1) an unadjusted model, 2) a 
model with minimal adjustments (considering age, sex, 
and race), and 3) a model with full adjustments. The fully 
modified model was selected based on clinical relevance 
and a > 10% change in the AST/ALT OR criterion. The 
selection of covariates was informed by the fully modi-
fied model. The ultimate model included these covari-
ates: age, gender, ethnicity, heart rate, respiratory rate, 
high blood pressure, acute kidney injury, hepatorenal 
syndrome, ventilation, CRRT, vasoactive agents, diuret-
ics, WBC count, hemoglobin, platelet count, potassium, 
sodium, chloride, SOFA score, and MELD score. ORs 
with 95% CIs were used to present the results. Multicol-
linearity among predictors was assessed using variance 
inflation factors (VIF), with values below 5 considered 
acceptable. The VIF analysis showed no significant mul-
ticollinearity issues among the selected covariates, with 
the highest VIF value of 3.8 observed for MELD score.

The AST/ALT ratio was analyzed as both a continuous 
and categorical variable to investigate potential nonlinear 
relationships. The dose–response relationship between 
the AST/ALT ratio and mortality was assessed to deter-
mine the cumulative effect of each parameter (Fig.  2). 
Furthermore, a saturation effect analysis was conducted 
using a two-piecewise logistic regression model. The 

optimal inflection point for the AST/ALT ratio was 
determined by adjusting the trial inflection point within 
a defined range (3.0–4.2) to maximize model likelihood 
through exploratory analysis. A log-likelihood ratio test 
was conducted to compare the single-line and two-piece-
wise logistic regression models. To ensure the robust-
ness of our findings, we performed sensitivity analyses 
by varying the inflection points (3.0, 3.2, 3.4, 3.6, 3.8, 4.0 
and 4.2) and comparing the model fit and effect estimates 
across different thresholds. Subgroup analyses were con-
ducted to evaluate the consistency of relationships across 
different patient variables. For variables with 5–20% 
missing data, repeated imputation was employed. Sta-
tistical significance was determined at P < 0.05 for each 
analysis. All analyses were performed using Empower 
Stats (www. empow ersta ts. com, X&Y Solutions, Inc., 
Boston, MA) and R software version 3.6.3 (http:// www.r- 
proje ct. org).

Results
Baseline characteristics
The present study comprised 2,090 participants (Fig. 1), 
who were divided into three tertiles according to the 
AST/ALT ratio: low (n = 697), middle (n = 696), and high 
(n = 697). Table 1 provided a description of the baseline 
characteristics. The high AST/ALT ratio group was sig-
nificantly younger (56.6 ± 11.8 years) and had a higher 
percentage of females (37.6%, 262/697) compared to the 
bottom tertile group (60.9 ± 12.5 years, 31.0% females, 
216/697), with p < 0.001 and p = 0.023, respectively. Lab-
oratory findings revealed lower hemoglobin and platelet 
counts (p < 0.004) in the high tertile group but higher 
INR, total bilirubin, and creatinine levels (all p < 0.001). 
Furthermore, a notable correlation was found between 
elevated disease severity scores (SOFA and MELD) and a 
high AST/ALT ratio (p < 0.001). The low tertile exhibited 
a higher prevalence of diabetes and hypertension, while 
the high tertile demonstrated an augmented incidence of 
hepatorenal syndrome (all p < 0.05). The two groups had 
notably different treatment needs, with the high AST/
ALT ratio group having demonstrated a higher preva-
lence of CRRT and vasoactive agents (p < 0.001). With 
regard to the utilisation of diuretics, the middle tertile 
demonstrated the highest level of use (p = 0.002). 28-day 
mortality following ICU admission increased progres-
sively across the three AST/ALT ratio categories, with 
rates of 20.1% (140 of 697), 29.2% (203 of 696), and 37.7% 
(263 of 697) (p < 0.001). These findings corresponded to 
an overall 28-day mortality rate of 29.0% (606/2,090) in 
our entire cohort of 2,090 patients, showing the stratifi-
cation of mortality risk across different AST/ALT ratio 
levels.

http://www.empowerstats.com
http://www.r-project.org
http://www.r-project.org
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Association between AST/ALT ratio and 28‑day mortality 
following ICU admission
This study investigated the relationship between the 
AST/ALT ratio and clinical outcomes. The unadjusted 
continuous variable analysis indicated a 20% higher risk 
of the outcome event per unit increase in the AST/ALT 
ratio (OR = 1.2, 95% CI 1.1–1.3). Following the imple-
mentation of basic factor adjustment, this association 
exhibited marginal strengthening (OR = 1.3, 95% CI: 
1.2–1.4). However, subsequent to further confounder 
adjustment, the association underwent attenuation yet 
retained its significance (OR = 1.1, 95% CI: 1.0–1.3). 
Tertile analysis revealed a nonlinear relationship. The 
findings of the study indicated that the middle and 
highest tertiles exhibited significantly elevated ORs 
(T2: OR = 1.6, 95% CI: 1.2–2.1; T3: OR = 2.0, 95% CI: 
1.5–2.7) in comparison to the lowest tertile. The trend 
test was statistically significant across all models (p for 
trend < 0.001), supporting the hypothesis that there 
was an increasing risk with increasing AST/ALT ratios 
(see Table 2 for details). This association persisted after 
multiple adjustments, suggesting the AST/ALT ratio’s 
potential as a prognostic indicator.

AST/ALT ratio and ICU mortality: a nonlinear saturation 
effect
The analysis of the saturation effect revealed a non-lin-
ear relationship between the AST/ALT ratio and 28-day 
mortality following ICU admission (Fig.  2). The initial 
linear model (Model I) revealed a modest yet statisti-
cally significant association (OR: 1.1, 95% CI: 1.0–1.3, 
p = 0.002). A piecewise logistic model (Model II) identi-
fied a more complex relationship, highlighted a turning 
point at an AST/ALT ratio of 3.6. The findings revealed 
a significant correlation for AST/ALT ratio below 3.6 
(OR 1.4, 95% CI 1.2–1.6, p < 0.001), while no significant 
correlation was found for AST/ALT ratio above 3.6 (OR 
1.0, 95% CI 0.8–1.1, p = 0.600). The log-likelihood ratio 
test (p = 0.011) indicated that Model II provided a sig-
nificantly better fit, indicating a nonlinear connection 
with a saturation effect when the AST/ALT ratio reaches 
3.6 (Table 3). Sensitivity analyses with varying inflection 
points (2.5, 3.0, 3.6, 4.0, and 4.5) consistently demon-
strated a significant association between AST/ALT ratio 
and 28-day mortality following ICU admission below the 
threshold, with effect attenuation above the threshold 
(Supplementary Table  S2). Among all tested inflection 

Fig. 1 Study selection process flowchart
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points, 3.6 yielded the optimal model fit based on log-
likelihood ratio tests, confirming the robustness of our 
primary findings.

Subgroup analysis of the AST/ALT ratio and ICU mortality
In a large retrospective study of 2,090 critically ill cir-
rhotic patients from the MIMIC-IV database, the AST/

ALT ratio was identified as a significant predictor of 
28-day mortality following ICU admission. A positive 
correlation was found between the AST/ALT ratio and 
mortality risk, where each unit increase was associated 
with a 10% higher odds of 28-day mortality following 
ICU admission after adjusting for confounding factors. 
The identification of a novel nonlinear relationship, 

Table 1 Baseline Characteristics of the Study Participants (N = 2090)

Abbreviations: AST aspartate aminotransferase, ALT alanine aminotransferase, WBC white blood cell, INR International Normalized Ratio, SOFA Sequential Organ Failure 
Assessment, MELD Model for End-stage Liver Disease, CRRT  Continuous Renal Replacement Therapy

Characteristic AST/ALT ratio tertiles P

Total
(N = 2090)

T1: < 1.6
(n = 697)

T2:1.6–2.4
(n = 696)

T3: > 2.4
(n = 697)

Demographics

 Age, years, mean ± SD 59.1 ± 12.1 60.9 ± 12.5 59.9 ± 11.5 56.6 ± 11.8 < 0.001

 Male sex, n (%) 1450 (65.0%) 481 (69.0%) 443 (63.6%) 435 (62.4%) 0.023

Ethnicity, n (%) 0.154

 White 1374 (65.7%) 459 (65.9%) 472 (67.8%) 443 (63.6%)

 Black 160 (7.7%) 48 (6.9%) 55 (7.9%) 57 (8.2%)

 Hispanic 129 (6.2%) 38 (5.5%) 50 (7.2%) 41 (5.9%)

 Other 427 (20.4%) 152 (21.8%) 119 (17.1%) 156 (22.4%)

Comorbidities, n (%)

 Hypertension 1026 (49.1%) 370 (53.1%) 338 (48.6%) 318 (45.6%) 0.019

 Diabetes 681 (32.6%) 280 (40.2%) 226 (32.5%) 175 (25.1%) < 0.001

 Congestive heart failure 184 (8.8%) 73 (10.5%) 60 (8.6%) 51 (7.3%) 0.113

 Chronic kidney disease 419 (20.0%) 163 (23.4%) 122 (17.5%) 134 (19.2%) 0.019

 Acute kidney injury 1746 (83.5%) 570 (81.8%) 575 (82.6%) 601 (86.2%) 0.059

 Hepatorenal syndrome 298 (14.3%) 65 (9.3%) 112 (16.1%) 121 (17.4%) < 0.001

Disease severity scores

 SOFA score, median [IQR] 8.0 [5.0–11.0] 7.0 [4.0–10.0] 8.0 [6.0–11.0] 9.0 [7.0–12.0] < 0.001

 MELD score, median [IQR] 18.2 [11.3–27.2] 14.8 [9.3–23.0] 18.3 [11.5–27.7] 21.2 [14.0–29.7] < 0.001

Treatment modalities, n (%)

 Mechanical ventilation 1677 (80.2%) 554 (79.5%) 558 (80.2%) 565 (81.1%) 0.759

 CRRT 274 (13.1%) 66 (9.5%) 88 (12.6%) 120 (17.2%) < 0.001

 Vasoactive agents 1067 (51.1%) 306 (43.9%) 355 (51.0%) 406 (58.2%) < 0.001

 Diuretics 763 (36.5%) 221 (31.7%) 283 (40.7%) 259 (37.2%) 0.002

Laboratory values

 WBC, × 10^9/L, median [IQR] 9.1 [6.0–14.3] 9.2 [6.0–14.4] 8.9 [6.0–13.5] 9.4 [5.9–14.9] 0.307

 Hemoglobin, g/dL, median [IQR] 9.5 [8.2–10.9] 10.0 [8.6–11.5] 9.4 [8.1–10.7] 9.1 [7.7–10.4] < 0.001

 Platelets, × 10^9/L, median [IQR] 101.0 [65.0–155.0] 110.0 [70.5–168.0] 96.0 [64.0–148.0] 95.0 [60.0–146.0] 0.004

 AST, U/L, median [IQR] 67.0 [39.0–146.0] 52.0 [31.0–124.0] 60.0 [39.0–113.0] 100.0 [56.0–202.0] < 0.001

 ALT, U/L, median [IQR] 34.0 [20.0–71.0] 42.0 [25.0–112.0] 30.0 [20.0–57.0] 30.0 [17.0–59.0] < 0.001

 Sodium, mEq/L, mean ± SD 136.7 ± 6.5 137.6 ± 6.0 136.7 ± 6.2 135.8 ± 7.1 < 0.001

 Chloride, mEq/L, mean ± SD 102.5 ± 7.7 103.6 ± 7.1 102.9 ± 7.3 101.0 ± 8.5 < 0.001

 INR, mean ± SD 1.9 ± 0.9 1.7 ± 1.0 1.9 ± 0.8 2.0 ± 0.9 < 0.001

 Total bilirubin, mg/dL, median [IQR] 2.7 [1.2–6.9] 1.8 [0.9–4.2] 2.7 [1.3–6.5] 4.2 [1.8–9.7] < 0.001

 Creatinine, mg/dL, median [IQR] 1.2 [0.8–2.1] 1.1 [0.8–1.8] 1.2 [0.8–2.0] 1.3 [0.8–2.4] 0.004

 Albumin, g/dL, mean ± SD 3.0 ± 0.7 3.0 ± 0.7 3.0 ± 0.7 3.0 ± 0.7 0.107

Outcome, n (%)

 28-day mortality following ICU admission 606 (29.0%) 140 (20.1%) 203 (29.2%) 263 (37.7%) < 0.001
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marked by a saturation effect at an AST/ALT ratio of 
3.6, is particularly significant. Below this threshold, the 
association was particularly pronounced, with each unit 
increase corresponding to a 40% higher mortality risk, 
whereas the relationship attenuated above this cutoff 
point. Stratified analyses (Fig. 3) suggested the AST/ALT 
ratio holds prognostic value across various subgroups 

(e.g., males, non-white patients, those with hypertension 
or MELD ≥ 18), although no significant interactions were 
found. Overall, our findings support that AST/ALT ratio 
is an independent prognostic marker in critically ill cir-
rhotic patients, one that could enhance risk assessment 
when combined with patient-specific factors.

Discussion
In this large retrospective analysis of 2,090 critically ill 
cirrhotic patients from the MIMIC-IV database, the 
AST/ALT ratio emerged as a significant predictor of 
28-day mortality following ICU admission. After adjust-
ment for confounding factors, each unit increase was 
associated with 10% higher mortality odds. We identified 
a nonlinear relationship characterized by a saturation 
effect at an AST/ALT ratio of 3.6. Below this threshold, 
each unit increase corresponded to 40% higher mor-
tality risk, whereas the association attenuated above 
this cutoff. Stratified analyses demonstrated consistent 
prognostic significance across all examined subgroups, 
including sex, race, comorbidities, and disease severity, 
with no significant interaction effects observed. These 
findings enhance mortality risk assessment in critically 
ill cirrhotic patients, suggesting the AST/ALT ratio as a 
valuable prognostic marker when considered alongside 
patient-specific factors.

Previous research has established that elevated AST/
ALT ratios predict increased mortality across various 
clinical conditions. Patients with acute myocardial infarc-
tion demonstrate higher mortality risks in both short and 

Table 2 Correlation between aspartate aminotransferase to 
alanine aminotransferase (AST/ALT) ratio and 28-day mortality 
following intensive care unit (ICU) admission

Nonadjusted: Crude model without adjustment

Model 1: Adjusted for age, gender, and ethnicity

Model 2: Adjusted for age, sex, race, hypertension, acute kidney injury, 
hepatorenal syndrome, ventilation, CRRT, vasoactive agents, diuretics, WBC 
count, hemoglobin, platelet count, sodium, chloride, SOFA score, and MELD 
score

Abbreviations: OR odds ratio, CI confidence interval, Ref reference, SOFA 
Sequential Organ Failure Assessment, MELD Model for End-stage Liver Disease

Variable Non‑Adjusted
OR, 95%CI, p 
value

Model 1
OR,95%CI, p 
value

Model 2
OR,95%CI, p 
value

AST/ALT ratio 1.2 (1.1, 1.3) 
< 0.001

1.3 (1.2, 1.4) 
< 0.001

1.1 (1.0, 1.3) 0.002

AST/ALT ratio tertile

 T1 Ref Ref Ref

 T2 1.6 (1.3, 2.1) 
< 0.001

1.8 (1.4, 2.3) 
< 0.001

1.6 (1.2, 2.1) 0.003

 T3 2.4 (1.9, 3.1) 
< 0.001

2.8 (2.1, 3.5) 
< 0.001

2.0 (1.5, 2.7) 
< 0.001

P for trend  < 0.001  < 0.001  < 0.001

Fig. 2 Smooth curve fitting for the relationship between AST/ALT ratio and 28-day mortality following ICU admission. The red line represents 
the estimated probability of mortality, and the green lines indicate the 95% CIs. The analysis identified an inflection point at an AST/ALT ratio of 3.6 
(indicated by the vertical dotted line), where the relationship between AST/ALT ratio and mortality risk changes significantly. Below this threshold, 
each unit increase in AST/ALT ratio was associated with a 40% increase in mortality risk (odds ratio [OR] = 1.4, 95% confidence interval [CI] 1.2–1.6, 
p < 0.001), while above 3.6, the relationship attenuated substantially (OR = 1.0, 95% CI 0.8–1.1, p = 0.600)
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long-term periods [25, 26]. Lu et al. [27] established that 
elevated AST/ALT ratios independently predict mortality 
in cardiac arrest patients during ICU stay and hospitali-
zation. Similarly, Schupp et  al. [28] documented asso-
ciations between higher AST/ALT ratios and increased 
30-day mortality in sepsis patients. Investigations by Liu 
[29] and Nakajima [30] confirmed strong correlations 
between AST/ALT ratios and mortality in hypertensive 
and elderly populations, respectively.

Despite these findings, limited evidence exists regard-
ing the prognostic value of AST/ALT ratio in critically ill 
cirrhotic patients. Our investigation identified a signifi-
cant nonlinear relationship between this ratio and 28-day 

mortality in first-time ICU-admitted cirrhotic patients, 
with a critical threshold of 3.6. Below this threshold, each 
unit increase corresponded to 40% higher mortality risk 
(OR = 1.4, 95% CI 1.2–1.6, p < 0.001), whereas the asso-
ciation attenuated above this value (OR = 1.0, 95% CI 
0.8–1.1, p = 0.600). Sensitivity analyses confirmed this 
nonlinear relationship with an optimal threshold range of 
2.5–4.5, enabling risk stratification and suggesting differ-
ential treatment approaches based on ratio values.

Although the specific mechanisms connecting a 
higher AST/ALT ratio to increased mortality risk remain 
unclear, the current findings highlight several signifi-
cant potential pathways. It is important to acknowledge 
that AST is present in multiple tissues beyond the liver, 
including cardiac and skeletal muscle. In critically ill 
patients, AST elevation might result from non-hepatic 
causes such as myocardial or skeletal muscle injury. 
Biomarkers such as creatine kinase (CK) and troponin 
can help differentiate between hepatic and non-hepatic 
sources of AST elevation. The absence of these differenti-
ating biomarkers in our analysis is a limitation that should 
be considered when interpreting the prognostic value 
of the AST/ALT ratio. Despite this limitation, elevated 
AST/ALT ratios indicate mitochondrial dysfunction and 
increased oxidative stress [31], contributing to multior-
gan injury in critically ill patients [32, 33]. Furthermore, 
AST/ALT levels correlate positively with inflammatory 
markers including CRP, IL-4, IL-6, and TNF-α [34, 35], 
potentially amplifying inflammatory responses.

The observed nonlinear relationship reflects differ-
ential enzyme distribution and release kinetics [36, 37]. 

Table 3 Analysis of the saturation effect of the AST/ALT ratio on 
28-day mortality following ICU admission

Model II was adjusted for demographic factors (age, gender, ethnicity) and 
clinical variables including hypertension, acute kidney injury, hepatorenal 
syndrome, ventilation status, CRRT, use of vasoactive agents and diuretics, as 
well as laboratory and scoring parameters such as WBC count, hemoglobin, 
platelet count, sodium, chloride, SOFA score, and MELD score

Abbreviations: OR odds ratio, CI confidence interval, Ref reference, SOFA 
Sequential Organ Failure Assessment, MELD Model for End-stage Liver Disease

Model OR (95% CI) P value

Model I: Linear 1.1 (1.0, 1.3) 0.002

Model II: Piecewise Linear

 Inflection point of the AST/ALT ratio 3.6

  ≤ 3.6 1.4 (1.2, 1.6) < 0.001

  > 3.6 1.0 (0.8, 1.1) 0.600

 Log-likelihood ratio test - 0.011

Fig. 3 Analysis of the correlation between the AST/ALT ratio and intensive care unit (ICU) mortality across different subgroups. Abbreviations: 
OR (odds ratio), CI (confidence interval), MELD (Model for End-stage Liver Disease), SOFA (Sequential Organ Failure Assessment)
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AST exists in both cytosolic (20%) and mitochondrial 
(80%) forms across multiple organs, whereas ALT is 
predominantly cytosolic and liver-specific [37]. In early 
liver injury (AST/ALT ratio < 3.6), membrane permeabil-
ity changes primarily release cytosolic enzymes [38]. As 
injury progresses, mitochondrial damage releases mito-
chondrial AST [39], representing transition to extensive 
necro-inflammatory damage [40].

The attenuated mortality correlation beyond the 3.6 
threshold likely results from hepatocyte exhaustion, 
enzyme clearance saturation, and cellular trans-dif-
ferentiation [41]. At higher ratios, extrahepatic factors 
including multiorgan failure become primary mortality 
determinants [42], with complications such as hepatore-
nal syndrome and coagulopathy predominating [43, 44].

Alternative biomarkers demonstrated significant eleva-
tions in the highest AST/ALT tertile, including INR (2.0 
± 0.9 vs 1.7 ± 1.0, p < 0.001), total bilirubin (4.2 vs 1.8 
mg/dL, p < 0.001) [45, 46], and creatinine (1.3 vs 1.1 mg/
dL, p = 0.004) [47]. MELD and SOFA scores were also 
significantly higher in this tertile [48], confirming that 
multi-organ assessment becomes increasingly impor-
tant beyond the established threshold. Importantly, AST 
elevations may partially reflect extra-hepatic tissue injury 
rather than solely hepatic dysfunction, potentially con-
founding observed associations.

Our study presents several notable strengths. First, 
this large-scale retrospective cohort study utilizing 
the MIMIC-IV database encompassed 2,090 cirrhotic 
patients with first-time ICU admission. The substantial 
sample size enhances statistical reliability and provides 
comprehensive real-world data. Second, we employed 
multivariable logistic regression models with thorough 
adjustment for confounding factors, including demo-
graphics, laboratory results, comorbidities, and treatment 
modalities, strengthening the validity of our findings. 
Third, our application of piecewise logistic regression 
analysis identified a nonlinear relationship between the 
AST/ALT ratio and mortality risk, identifying a critical 
threshold of 3.6. Fourth, we performed extensive sub-
group analyses to assess the AST/ALT ratio’s predictive 
value across diverse populations, providing insights for 
personalized risk assessment.

However, several limitations warrant consideration. 
Our strict inclusion criteria, while strengthening inter-
nal validity, may limit generalizability. The exclusion of 
patients with liver cancer and other malignancies affects 
applicability to these populations, while inclusion of only 
patients with ICU stays exceeding 24 h might underesti-
mate mortality in those with brief ICU stays. An impor-
tant limitation is our reliance on single AST/ALT ratio 
measurements within 24 h of ICU admission, which 
may not capture temporal changes in liver function 

throughout ICU stay. Future studies incorporating serial 
measurements could provide valuable insights into how 
biomarker changes relate to prognosis. Additionally, 
identification of cirrhotic patients through ICD codes 
represents a significant limitation, as coding practices 
vary across institutions, clinicians, and time periods. 
Potential misclassification might have influenced our 
study population characteristics, and patients with early 
or compensated cirrhosis might not be accurately cap-
tured, potentially biasing our sample toward more severe 
cases.

Furthermore, our analysis based on data from a single 
US medical center may not be broadly generalizable to 
other geographic and demographic settings. This retro-
spective observational study identifies correlation, not 
causation, between the AST/ALT ratio and 28-day mor-
tality following ICU admission. Despite adjustments for 
known confounders, unmeasured variables may influ-
ence results. Genetic polymorphisms affecting hepatic 
enzymes may modify AST/ALT-mortality relation-
ships [49]. Prior liver function status represents another 
potential confounder, as baseline hepatic reserve affects 
outcomes but may not be fully captured in the database 
[50]. Concurrent infections may independently elevate 
transaminases while increasing mortality risk [51]. Nutri-
tional status and sarcopenia, significant predictors of 
survival in cirrhosis, could also confound observed asso-
ciations [52]. Moreover, medication history and alcohol 
consumption may affect both AST/ALT ratios and out-
comes [53].

A notable limitation is our inability to account for cir-
rhosis etiology (alcoholic, viral, or NASH), which may 
independently influence both baseline AST/ALT ratios 
and mortality risk. For instance, alcoholic liver disease 
often elevates AST/ALT ratio regardless of disease sever-
ity, potentially confounding our observed association. 
The study’s exclusive focus on short-term outcomes, 
rather than long-term prognosis, represents an addi-
tional limitation.

A critical limitation is the non-specificity of the AST/
ALT ratio as a liver marker. While interpreted primarily 
as an indicator of liver dysfunction or fibrosis, AST may 
be elevated due to injury in various organs including 
muscle, heart, and other tissues. In critically ill patients 
with potential multi-organ dysfunction, conditions 
such as acute myocardial injury or rhabdomyolysis 
could contribute to elevated AST levels independently 
of liver status. Ideally, specific biomarkers such as CK 
(for muscle injury) and troponin (for cardiac injury) 
would help differentiate the source of AST elevation. 
Future prospective studies should incorporate these 
biomarkers to better isolate liver-specific AST elevation 
and thus provide more precise interpretation of the 
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AST/ALT ratio’s prognostic value in cirrhotic patients. 
Despite this limitation, our findings in a confirmed 
cirrhotic population suggest that the AST/ALT ratio 
remains a valuable prognostic tool, though clinicians 
should consider potential extrahepatic sources of AST 
elevation when interpreting individual cases. Our data-
set did not permit isolation of liver-origin AST from 
other sources. Therefore, the prognostic value observed 
might partially reflect overall illness severity or extra-
hepatic organ injury, both independently associated 
with increased mortality risk.

Furthermore, our study spans 2008–2019, during 
which ICU management strategies for cirrhosis evolved, 
including potential changes in vasopressor protocols, 
renal support approaches, and complication treatments. 
We did not adjust for admission year or analyze tempo-
ral trends, representing a limitation as practice changes 
could influence outcomes. Additionally, the MIMIC-IV 
database may incompletely capture certain comorbidities 
like heart failure and diabetes, potentially affecting our 
multivariable analysis. Despite including comprehensive 
clinical variables and severity scores to mitigate this limi-
tation, future prospective studies with more complete 
clinical data are needed to validate our findings.

Conclusions
In This single-center study suggests a nonlinear relation-
ship between the AST/ALT ratio and 28-day all-cause 
mortality in critically ill cirrhotic patients, with a poten-
tial inflection point at 3.6. While these findings indicate 
the possible prognostic significance of the AST/ALT 
ratio, they require validation in independent external 
cohorts before clinical application.
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