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Association between aspartate
aminotransferase to alanine
aminotransferase ratio and
mortality in critically ill patients
with end stage renal disease
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The aspartate aminotransferase to alanine aminotransferase (AST/ALT) ratio has been extensively
studied in relation to mortality, yet its specific association with intensive care unit (ICU) mortality

in end stage renal disease (ESRD) patients remains underexplored. The study investigated this
relationship in critically ill ESRD patients. This multicenter retrospective cohort study analyzed data
from ESRD patients admitted to 208 ICUs across the United States between 2014 and 2015 using the
elCU Collaborative Research Database. Smooth curve fitting with Generalized Additive Model and
two-piecewise linear regression analyses were utilized to examine nonlinear relationships. Among the
3005 patients (mean age 62.68 +14.16 years; 54.48% male), 252 (8.39%) died in the ICU. A significant
nonlinear relationship between the AST/ALT ratio and ICU mortality was identified with an inflection
point of 1.59. For AST/ALT ratios <1.59, each unit increase was associated with a 2.02-fold higher

risk of ICU mortality (OR 2.02, 95% Cl 1.22-3.33, P=0.0059). For AST/ALT ratios >1.59, no significant
association with mortality was observed (OR 1.07, 95% Cl 0.86-1.33, P=0.5348). Sensitivity analyses
confirmed the robustness of these findings. In critically ill ESRD patients, a nonlinear relationship
exists between AST/ALT ratio and ICU mortality.
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Abbreviations

AST Aspartate aminotransferase

ALT Alanine aminotransferase

ICU Intensive care unit

ESRD End stage renal disease

eICU-CRD eICU Collaborative Research Database
BUN Blood urea nitrogen

APACHE-IV  Acute physiology and chronic health evaluation-IV
ACS Acute coronary syndrome

CHF Congestive heart failure

COPD Chronic obstructive pulmonary disease
OR Odds ratio

CI Confidence intervals

End stage renal disease (ESRD), defined as chronic kidney disease (CKD) stage 5 with an estimated glomerular
filtration rate (eGFR) below 15 mL/min/1.73 m?, represents the final stage of renal function decline requiring
renal replacement therapy'. In 2018, ESRD prevalence in the United States reached 2,242 cases per million people,
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with approximately 131,000 new diagnoses annually?. Despite modern hemodialysis techniques, mortality rates
in ESRD patients remain high, ranging from 20 to 50%>*. While research has established diabetes, hypertension,
glomerulonephritis, obesity, age, and specific medications as primary ESRD causes®”, these underlying
conditions frequently overlap in intensive care unit (ICU) patients with ESRD. Consequently, researchers have
increasingly focused on identifying biomarkers to monitor ESRD progression®®. Liver comorbidities commonly
occur in ESRD patients, with a significant proportion exhibiting hepatic dysfunction or abnormal liver enzyme
profiles, necessitating careful monitoring of liver function tests, particularly transaminase levels!®-!4,

Aspartate aminotransferase (AST) is distributed in both mitochondria and cytoplasm of various tissues,
including theliver, kidney, brain, heart, and skeletal muscle, whereas alanine transaminase (ALT) is predominantly
found in liver cytoplasm!®. While ALT primarily indicates liver dysfunction, AST may also reflect mitochondrial
dysfunction caused by oxidative stress in other organs, albeit to a lesser extent!®. The AST/ALT ratio is calculated
by dividing serum AST by ALT levels, both enzymes crucial for amino acid metabolism that are released into
the bloodstream during hepatocyte damage!é-'8. Although elevated AST/ALT ratios correlate with severe liver
fibrosis and decreased hepatic function', they are also associated with systemic conditions including ischemic-
reperfusion injury, inflammatory responses, and increased oxidative stress?®?!. Higher AST/ALT ratios have
been linked to worse outcomes across multiple conditions, including diabetes, congestive heart failure (CHF),
hypertension, acute myocardial infarction (AMI), sepsis, and cancer®*~%’.

However, limited research exists on the relationship between AST/ALT levels and mortality in ESRD patients.
The AST/ALT ratio in ESRD patients may be confounded by multiple factors, including liver dysfunction,
inflammatory states and sepsis®'*?. To examine the association between baseline AST/ALT ratio (measured
within 24 h of ICU admission) and the ICU mortality among critically ill ESRD patients, we conducted a
multicenter retrospective cohort study using the eICU Collaborative Research Database (eICU-CRD) v2.0.

Methods

Study design

In this multicenter retrospective cohort study, we examined baseline AST/ALT ratio as the independent variable
and ICU mortality in ESRD patients as the dependent variable (categorized as death or survival).

Data source

The eICU-CRD is an open-access, multicenter resource designed for critical care research?. This database
contains comprehensive clinical data from 200,859 patients admitted to ICUs across 208 US hospitals between
2014 and 201528, Tt includes essential clinical information such as diagnoses, vital signs, disease severity scores,
nursing care plans, and treatment interventions. Researchers can access this data after registration, following
the MIT Ethics Committee’s requirements (Record ID: 63069214) and in accordance with the Declaration of
Helsinki principles.

Study population

In the current study, ESRD was defined according to international guidelines"? as either an eGFR<15 mL/
min/1.73 m? (CKD stage 5) or the requirement for chronic renal replacement therapy (hemodialysis or peritoneal
dialysis). ESRD patients were identified from the eIlCU-CRD using International Classification of Diseases, 9th
Edition, Clinical Modification (ICD-9-CM) codes. This study was selected by particular exclusion criteria: (1)
non-ESRD patients; (2) Age <18 years; (3) ICU stay time <24 h; (4) Missing ICU outcome; (5) Missing AST; (6)
Missing ALT; (6) Extreme AST/ALT values (three standard deviations below or above the mean). After applying
these criteria, 3,005 individuals participated in the analysis. Figure 1 depicts the participant selection procedure.

Variables

We first measured baseline AST/ALT ratio (measured within 24 h of ICU admission) as a continuous quantity.
It was then classified into tertiles. The study’s endpoint was all-cause ICU mortality following admission to the
ICU.

Covariates

The selection of covariates was guided by clinical experience and previous research*#2%-3, The variables included
were: (1) categorical variables: gender, ethnicity, hypertension, chronic obstructive pulmonary disease (COPD),
acute coronary syndrome (ACS), CHE diabetes, sepsis, cancer, anticoagulants, antiplatelet, vancomycin,
levofloxacin, glucocorticoids, carbapenems, vasopressor, dialysis, and mechanical ventilation; (2) continuous
variables: creatinine, blood urea nitrogen (BUN), age, albumin, platelet, hemoglobin, body mass index (BMI)
and Acute Physiology and Chronic Health Evaluation-IV score (APACHE-IV score)*. All baseline values were
obtained within the first 24 h after ICU admission.

Missing data processing

Missing data in our study included: BUN (1, 0.03%), Creatinine (2, 0.07%), Platelet (13, 0.43%), Albumin (23,
0.77%), BMI (119, 3.96%), and APACHE-IV score (405, 13.48%). Multiple imputations were employed to
address missing covariate data®>-*%. The imputation model incorporated gender, age, ethnicity, hypertension,
COPD, ACS, CHF, diabetes, sepsis, cancer, anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin,
glucocorticoid, carbapenem, dialysis, vasopressor, and mechanical ventilation.
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Patients recorded in the elCU database
(Registration 2024-2015, n=200,859)

Exclusion:non-ESRD patients
(195,829 exclude)

Exclusion:age<18 years (0 exclude)

Exclusion:ICU stay time:<24 hours
(1183 exclude)

Exclusion:Missing ICU mortality data
(0 exclude)

\'4

Exclusion:Missing AST
(695 exclude)

Exclusion:Missing ALT
(110 exclude)

s Exclusion:Extreme values of AST/ALT
(37 exclude)

\4

3,005 eligible individuals were included
(death:252, survival:2753)

Fig. 1. Flowchart of study participants.

Statistical analysis
Continuous variables were presented as mean + SD (normal distribution) or median (Q1--Q3), and categorical
variables as n (%). Between group comparisons used Student’s t-test (normal distribution), x* test (categorical
variables), or Mann-Whitney U test (skewed distribution).

Multivariate linear regression models were used to investigate the relationship between AST/ALT and ICU
mortality. Covariates were selected if they altered odds ratios (OR) by = 10%%. Effect estimates were recorded with
95% confidence interval (CI). We constructed three models: Crude model: No adjustments. Model I: Adjusted
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for age, gender, and ethnicity. Model II: Adjusted for creatinine, gender, BUN, age, ethnicity, albumin, platelet,
hypertension, COPD, ACS, CHF, diabetes, sepsis, cancer, APACHE-IV, anticoagulant, antiplatelet, hemoglobin,
vancomycin, levofloxacin, glucocorticoid, carbapenem, vasopressor, mechanical ventilation, dialysis, and BML

Potential nonlinearity was assessed using Generalized Additive Model with smooth curve fitting?®. When
nonlinearity was detected, we identified inflection points using recursive algorithms and constructed two-
piecewise linear models, comparing them with standard linear models using likelihood ratio tests*’. Robustness
was validated through sensitivity analyses, including stratified regression models with interaction testing and
E-value calculation?! to assess unmeasured confounding potential.

All analyses followed STROBE guidelines® and were performed using R (version 4.2.0) and EmpowerStats
(version 4.2), with significance set at P<0.05.

Results

Characteristics of participants

Continuous data were presented as mean + SD or median (Q1--Q3), and categorical data as n (%). AST aspartate
aminotransferase, ALT alanine aminotransferase, BUN blood urea nitrogen, APACHE-IV acute physiology and
chronic health evaluation-IV, ACS acute coronary syndrome, CHF congestive heart failure, COPD chronic
obstructive pulmonary disease, CRP C-reactive protein.

Figure 2 shows AST/ALT ratios ranging from 0.12 to 5.67 (median 1.29). Table 1 displays the baseline
characteristics. Among 3005 participants (mean age 62.68+14.16 years, 54.48% male), ICU mortality was
8.39% (252/3005). AST/ALT ratio was classified into tertiles (Table 1). T3 had the oldest patients, lowest male
proportion, poorest parameters (lowest BMI, platelet, albumin, BUN), and highest mechanical ventilation rates,
APACHE-1V scores, and mortality. T1 showed highest COPD, diabetes, hypertension, and glucocorticoid use
(Table 1). Mortality increased across tertiles: T1: 49 (4.91%), T2: 81 (8.12%), T3: 122 (12.08%) (Fig. 3).

Multivariate analyses results using the logistic regression model

Table 2 demonstrates associations between AST/ALT ratio and ICU mortality across three models. As a
continuous variable, each unit increase in AST/ALT ratio was associated with significantly higher mortality
odds in all models: 46% in the Crude model (OR 1.46, 95% CI 1.29-1.66, P<0.0001), 46% in Model I (OR 1.46,
95% CI 1.28-1.66, P<0.0001), and 25% in Model IT (OR 1.25, 95% CI 1.07-1.45, P=0.0041). When analyzed by
tertiles, compared to T1, both T2 and T3 showed increased mortality across three models (Table 2).

Sensitivity analysis

Sensitivity analyses confirmed the robustness of our findings (Table 3). After adjusting for confounders, AST/
ALT ratio remained significantly associated with ICU mortality in subgroups without diabetes (OR 1.22, 95% CI
1.01-1.47), without sepsis (OR 1.30, 95% CI 1.06-1.58), and without ACS (OR 1.29, 95% CI 1.10-1.52) (Table 3).

Nonlinear relationship

We identified a nonlinear relationship between AST/ALT ratio and ICU mortality (Fig. 4; Table 4). Two-piecewise
linear regression analysis revealed an inflection point at AST/ALT =1.59 (Table 4). Below this inflection point,
each unit increase in AST/ALT was associated with significantly higher ICU mortality (OR 2.02, 95% CI 1.22-
3.33, P=0.0059), while no significant association was observed above this inflection point (OR 1.07, 95% CI
0.86-1.33, P=0.5348) (Table 4).

Subgroup analysis
Stratified analyses across various subgroups demonstrated consistent associations between AST/ALT ratio and
ICU mortality, with no statistically significant interactions detected (Fig. 5).

We calculated the E-value to assess unmeasured confounding. Our findings remain robust unless an
unmeasured confounder exists with an OR exceeding 3.46.

Discussion

This study investigated the association between the AST/ALT ratio and ICU mortality in critically ill patients
with ESRD. In our multicenter retrospective cohort of 3005 participants, a nonlinear relationship between AST/
ALT ratio and ICU mortality was identified with an inflection point at 1.59. Below this threshold, each unit
increase in AST/ALT ratio was associated with a 2.02-fold higher risk of ICU mortality (95% CI 1.22-3.33,
P=0.0059). These findings provide important insights into the relationship between the AST/ALT ratio and
mortality risk in critically ill ESRD patients.

The AST/ALT ratio, also known as the De Ritis ratio, serves as a valuable biomarker for assessing
mortality risk across diverse patient populations, including those with critical illnesses. Multiple studies have
demonstrated a clear association between elevated AST/ALT ratio and increased mortality. Yang et al. found
a nonlinear relationship between the AST/ALT ratio and in-hospital mortality with a saturation effect at 1.8 in
critically ill elderly patients®. Liu et al. observed similar patterns in patients with stable coronary artery disease,
where an AST/ALT ratio>1.40 correlated with higher all-cause and cardiovascular mortality*>. Additionally,
research by Dracz et al. revealed that an AST/ALT ratio>1.218 is significantly associated with mortality in
COVID-19 patients®!. The relationship between the AST/ALT ratio and ICU mortality in critically ill ESRD
patients remains an important yet understudied area, particularly considering the complex interactions between
liver function, renal impairment, and overall prognosis. Our study contributes valuable evidence by confirming
a strong correlation between elevated AST/ALT ratio and increased mortality risk in ESRD populations, while
also establishing a nonlinear relationship with a specific inflection point.
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Fig. 2. Distribution of AST/ALT ratio. It displayed a distribution ranging from 0.12 to 5.67, with a median of
1.29.

Multiple confounding factors may influence the AST/ALT ratio in ESRD patients, including liver dysfunction,
inflammatory states, and sepsis®!4%°. Sensitivity analyses consistently demonstrated the robustness of our
findings. The nonlinear relationship between the AST/ALT ratio and ICU mortality remained significant after
adjusting for liver conditions (cirrhosis, liver failure) and inflammatory markers (CRP) (Table S1). Additionally,
this nonlinear relationship persisted even when including patients with extreme AST/ALT ratios, with a similar
inflection point (Fig. S1 and Table S2). We systematically controlled for conditions associated with inflammatory
states, particularly sepsis, which directly correlates with inflammatory marker elevation. Notably, sensitivity
analysis (Table 3) excluding sepsis patients still revealed a significant association between AST/ALT ratio and
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AST/ALT ratio
Characteristic Total T1 (0.12-1.04) T2 (1.05-1.59) T3 (1.60-5.67) P
N 3005 997 998 1010
Age (years) 62.68+14.16 61.69+14.77 62.97 £14.04 63.37+13.61 0.021
Gender <0.001
Male 1637 (54.48%) 598 (59.98%) 531 (53.21%) 508 (50.30%)
Female 1368 (45.52%) 399 (40.02%) 467 (46.79%) 502 (49.70%)
Ethnicity <0.001
African American 836 (27.82%) 233 (23.37%) 270 (27.05%) 333 (32.97%)
Caucasian 1619 (53.88%) 576 (57.77%) 541 (54.21%) 502 (49.70%)
Other 550 (18.30%) 188 (18.86%) 187 (18.74%) 175 (17.33%)
BMI (kg/mz) 28.84+8.32 29.53+8.69 28.87+8.39 28.14+7.83 0.001
Hemoglobin (g/dL) 10.06£2.04 10.13+2.08 10.11£2.02 9.94+2.00 0.075
Platelet (x10° /L) 190.00 (138.00-255.25) | 197.00 (148.00-257.00) | 190.00 (137.00-256.00) | 182.00 (131.00-250.75) | 0.020
Albumin (g/dL) 2.98+0.71 3.07+0.67 3.03+0.71 2.85+0.74 <0.001
BUN (mg/dL) 45.00 (30.00-65.00) 50.00 (33.00-72.00) 46.00 (30.00-64.00) 40.00 (27.00-57.00) <0.001
Creatinine (mg/dL) 5.66 (3.90-8.09) 5.90 (4.14-8.55) 5.81 (4.10-8.23) 5.20 (3.59-7.46) <0.001
CRP (mg/dL) 14.40 (7.00-30.90) 10.61 (4.63-157.35) 14.70 (7.46-21.40) 18.50 (9.20-31.77) 0.478
AST (IU/L) 25.00 (17.00-42.00) 20.00 (14.00-32.00) 23.50 (17.00-39.00) 33.00 (21.00-57.75) <0.001
ALT(IU/L) 20.00 (13.00-33.00) 27.00 (19.00-43.00) 19.00 (13.00-30.00) 15.00 (10.00-25.75) 0.641
AST/ALT ratio 1.29 (0.93-1.80) 0.81 (0.64-0.93) 1.29 (1.17-1.42) 2.11(1.79-2.71) <0.001
Liver failure 67 (2.23%) 18 (1.81%) 19 (1.90%) 30 (2.97%) 0.326
Cirrhosis 91 (3.03%) 21 (2.11%) 26 (2.61%) 44 (4.36%) 0.036
ACS 283 (9.42%) 80 (8.02%) 95 (9.52%) 108 (10.69%) 0.122
CHF 590 (19.63%) 208 (20.86%) 201 (20.14%) 181 (17.92%) 0.224
COPD 271 (9.02%) 119 (11.94%) 86 (8.62%) 66 (6.53%) <0.001
Diabetes 1009 (33.58%) 371 (37.21%) 332 (33.27%) 306 (30.30%) 0.004
Hypertension 779 (25.92%) 314 (31.49%) 253 (25.35%) 212 (20.99%) <0.001
Sepsis 792 (26.36%) 217 (21.77%) 267 (26.75%) 308 (30.50%) <0.001
Cancer 27 (0.90%) 7 (0.70%) 11 (1.10%) 9 (0.89%) 0.638
Antiplatelet 282 (9.38%) 108 (10.83%) 82 (8.22%) 92 (9.11%) 0.126
Anticoagulant 149 (4.96%) 49 (4.91%) 44 (4.41%) 56 (5.54%) 0.502
Glucocorticoid 226 (7.52%) 93 (9.33%) 71 (7.11%) 62 (6.14%) 0.021
Carbapenem 78 (2.60%) 28 (2.81%) 32 (3.21%) 18 (1.78%) 0.117
Levofloxacin 86 (2.86%) 28 (2.81%) 30 (3.01%) 28 (2.77%) 0.945
Vancomycin 393 (13.08%) 123 (12.34%) 140 (14.03%) 130 (12.87%) 0.519
Mechanical ventilation | 856 (28.49%) 230 (23.07%) 307 (30.76%) 319 (31.58%) <0.001
Dialysis 2227 (74.11%) 745 (74.72%) 744 (74.55%) 738 (73.07%) 0.648
Hemodialysis 2034 (67.69%) 679 (68.10%) 680 (68.14%) 675 (66.83%)
Peritoneal dialysis 193 (6.42%) 66 (6.62%) 64 (6.41%) 63 (6.24%)
Vasopressor 28 (0.98%) 8(0.85%) 11 (1.16%) 9 (0.93%) 0.776
APACHE-IV 71.30+25.19 66.95+23.11 71.32+24.50 75.43+27.02 <0.001
ICU stay (days) 2.80 (1.79-5.02) 2.60 (1.76-4.56) 2.83(1.74-5.12) 2.97 (1.88-5.41) 0.915
ICU mortality 252 (8.39%) 49 (4.91%) 81 (8.12%) 122 (12.08%) <0.001

Table 1. Baseline characteristics of participants.

mortality (OR 1.30, 95% CI 1.06-1.58, P=0.0098). Furthermore, the effect of AST/ALT ratio on ICU mortality
remained consistent across all examined subgroups, including those with and without sepsis (Fig. 5), with no

significant interactions detected, strengthens the validity of our findings.

In patients with ESRD, an elevated AST/ALT ratio likely indicates systemic inflammation and oxidative stress,
both prevalent in this population. Research demonstrates that elevated AST levels can indicate liver dysfunction
while simultaneously reflecting damage in extrahepatic tissues, particularly the heart and kidneys*>**. AST
is less specific to liver injury than ALT, which primarily resides in the liver; therefore, a high AST/ALT ratio
often indicates multi-organ dysfunction rather than isolated hepatic injury’!. Cardiovascular diseases, prevalent
comorbidities in ESRD patients, are often characterized by elevated AST levels, establishing a mechanistic link
between increased AST/ALT ratio and cardiovascular mortality risk*’. The relationship between AST/ALT
ratio and mortality may also involve metabolic dysregulation. The Warburg effect, characterized by increased
aerobic glycolysis in cancer cells, has been proposed as a mechanism for poor survival outcomes in patients with
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Fig. 3. ICU mortality across AST/ALT tertile.

Exposure | Crude model (OR, 95% CI, P) | Model I (OR, 95% CI, P) | Model II (OR, 95% CI, P)
AST/ALT | 1.46 (1.29, 1.66)<0.0001 1.46 (1.28, 1.66)<0.0001 | 1.25 (1.07, 1.45) 0.0041
AST/ALT tertile

T1 1.0 1.0 1.0

T2 1.71 (1.18, 2.46) 0.0041 1.70 (1.18, 2.46) 0.0046 1.31 (0.89, 1.95) 0.1729
T3 2.66 (1.88, 3.75) <0.0001 2.65 (1.87, 3.75)<0.0001 | 1.71 (1.17, 2.49) 0.0059

P for trend | <0.0001 <0.0001 0.0051

Table 2. Relationship between AST/ALT ratio and ICU mortality in different models. Crude model: No
adjustments. Model I: Adjusted for age, gender, and ethnicity. Model II: Adjusted for creatinine, gender,
BUN, age, ethnicity, albumin, platelet, hypertension, COPD, ACS, CHE, diabetes, sepsis, cancer, APACHE-1V,
anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin, glucocorticoid, carbapenem, vasopressor,
mechanical ventilation, dialysis, and BMI.

elevated AST/ALT ratios*. This metabolic shift increases the production of reactive oxygen species, contributing
to oxidative stress and cellular damage, which is particularly harmful in patients with compromised renal
function**. Additionally, the inflammatory response associated with elevated AST levels can worsen renal injury
and accelerate ESRD progression, further increasing mortality risk®.
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Exposure | Model I (OR, 95% CI, P) | Model IT (OR, 95% CI, P) | Model III (OR, 95% CI, P)
AST/ALT | 1.22(1.01, 1.47) 0.0362 1.30 (1.06, 1.58) 0.0098 1.29 (1.10, 1.52) 0.0017
AST/ALT tertile

T1 1.0 1.0 1.0

T2 1.24 (0.76, 2.03) 0.3929 1.58 (0.94, 2.67) 0.0835 1.41 (0.93, 2.15) 0.1035

T3 1.66 (1.04, 2.66) 0.0349 1.95(1.17, 3.26) 0.0104 1.82 (1.21, 2.74) 0.0038

P for trend | 0.0277 0.0114 0.0035

Table 3. Relationship between AST/ALT ratio and ICU mortality in different sensitivity analyses. Model I
was sensitivity analysis in participants without diabetes (N=1996). Adjusted for creatinine, gender, BUN,
age, ethnicity, albumin, platelet, hypertension, COPD, ACS, CHF, sepsis, cancer, APACHE-IV, anticoagulant,
antiplatelet, hemoglobin, vancomycin, levofloxacin, glucocorticoid, carbapenem, vasopressor, mechanical
ventilation, dialysis, and BMI. Model II was sensitivity analysis in participants without sepsis (N=2213).
Adjusted for creatinine, gender, BUN, age, ethnicity, albumin, platelet, hypertension, COPD, ACS,

CHE diabetes, cancer, APACHE-IV, anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin,
glucocorticoid, carbapenem, vasopressor, mechanical ventilation, dialysis, and BMI. Model III was sensitivity
analysis in participants without ACS (N'=2722). Adjusted for creatinine, gender, BUN, age, ethnicity,
albumin, platelet, hypertension, COPD, CHEF, diabetes, sepsis, cancer, APACHE-IV, anticoagulant, antiplatelet,
hemoglobin, vancomycin, levofloxacin, glucocorticoid, carbapenem, vasopressor, mechanical ventilation,
dialysis, and BMI.

Our analysis revealed a nonlinear relationship between the AST/ALT ratio and ICU mortality with a critical
inflection point at 1.59. This threshold effect has important clinical implications. For AST/ALT ratios below 1.59,
each unit increase was associated with a 2.02-fold higher risk of ICU mortality (95% CI 1.22-3.33, P=0.0059),
demonstrating that even slight elevations within this range significantly impact patient outcomes. Conversely,
above 1.59, further increases in AST/ALT showed no significant association with mortality risk (OR 1.07, 95%
CI 0.86-1.33, P=0.5348), indicating a saturation effect. This inflection point provides clinicians with a precise
reference value for identifying high-risk ESRD patients who might benefit from intensified monitoring and
intervention, particularly when their AST/ALT ratio approaches but remains below 1.59—the range where the
association with mortality is pronounced.

The AST/ALT ratio has important clinical implications for identifying ICU mortality risk in critically
ill patients with ESRD. First, it is a simple and readily available biochemical indicator that can be obtained
immediately upon ICU admission, providing clinicians with a rapid assessment tool. Second, our finding
of a significant increase in ICU mortality with rising AST/ALT ratios below 1.59 provides clinicians with a
specific reference value to more accurately identify high-risk patients. Third, our subgroup analyses excluding
comorbidities such as diabetes and sepsis revealed that the AST/ALT ratio maintained its significant association
with ICU outcomes, suggesting it reflects fundamental pathophysiological mechanisms worthy of further
investigation.

Study strengths and limitations

Key strengths of this study include: (1) A large-scale multicenter retrospective cohort design with substantial
sample size and high representativeness, focusing specifically on ICU patients with ESRD, a population not
extensively investigated in this context before. (2) Application of sophisticated statistical methods, including
nonlinear relationship exploration and comprehensive sensitivity analyses, yielding robust results. (3)
Implementation of multiple imputation techniques to handle missing data, reducing potential bias and enhancing
statistical power. (4) Validation of findings through rigorous subgroup analyses and E-value calculations to
assess potential unmeasured confounding.

Our study has several limitations. First, our cohort included only American ESRD patients treated in ICUs,
limiting generalizability to other geographical and cultural populations. Validation studies across diverse
populations are needed, including ESRD patients not requiring ICU admission. Second, the observational
design precludes establishing definitive causal relationships between AST/ALT ratio and ICU mortality. Third,
our database lacks information on ESRD etiology classification. This limitation prevents comprehensive
investigation of relationships between AST/ALT ratio and specific ESRD subtypes. Future research should
include multi-ethnic prospective studies exploring the prognostic value of AST/ALT ratio across different ESRD
subtypes.

Conclusions

In this multicenter retrospective cohort study including 3005 participants from the eICU-CRD database, we
identified a nonlinear relationship between AST/ALT ratio and ICU mortality in critically ill ESRD patients.
Below the inflection point of 1.59, each unit increase in AST/ALT ratio was significantly associated with higher
ICU mortality risk. This inflection point provides clinicians with a precise reference value for identifying high-
risk ESRD patients. Future research should explore this relationship across different ethnic populations and in
various ESRD subtypes through prospective studies.
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Fig. 4. The nonlinear relationship between AST/ALT ratio and ICU mortality using the generalized additive
model. Adjusted for creatinine, gender, BUN, age, ethnicity, albumin, platelet, hypertension, COPD, ACS,
CHE, diabetes, sepsis, cancer, APACHE-1V, anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin,
glucocorticoid, carbapenem, vasopressor, mechanical ventilation, dialysis, and BMI.
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ICU mortality OR, 95% CI, P
Fitting model by standard linear regression | 1.25 (1.07, 1.45) 0.0041

Fitting model by two-piecewise regression

Inflection point of AST/ALT 1.59

<1.59 2.02 (1.22, 3.33) 0.0059
>1.59 1.07 (0.86, 1.33) 0.5348
P for log-likelihood ratio test 0.043

Table 4. Association between AST/ALT and ICU mortality by two-piecewise linear regression model.
Adjusted for creatinine, gender, BUN, age, ethnicity, albumin, platelet, hypertension, COPD, ACS, CHEF,
diabetes, sepsis, cancer, APACHE-IV, anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin,
glucocorticoid, carbapenem, vasopressor, mechanical ventilation, dialysis, and BMI.

Subgroup N OR (95% Cl) P for interaction
Gender 0.9648
Male 1637 i 1.30 (1.07, 1.59)

Female 1368 ' = ‘ 1.27 (1.01, 1.59)

Age(years) 0.5210
<65 1557 = 1.21(0.95, 1.53)

>=65 1448 L] ‘ 1.27 (1.05, 1.54)

Ethnicity 0.1934
Caucasian 1619 L 1.35(1.11, 1.65)

Other 1386 » 1.14 (0.90, 1.44)

Diabetes 0.9937
No 1996 —— 1.22(1.02, 1.47)

Yes 1009 . - ! 1.33(1.02, 1.73)

Spesis 0.1243
No 2213 L) 1.30 (1.07, 1.58)

Yes 792 - = ! 1.13(0.90, 1.43)

CHF 0.8446
No 2415 —— 1.25 (1.06, 1.47)

Yes 590 " . ‘ 1.23(0.84, 1.81)

Hypertension 0.7155
No 2226 —— 1.24 (1.05, 1.46)

Yes 779 = 1.29 (0.89, 1.88)

r T T 1

L4 20

Fig. 5. Effect size of AST/ALT ratio on ICU mortality in prespecified and exploratory subgroups. The model
above is adjusted for creatinine, gender, BUN, age, ethnicity, albumin, platelet, hypertension, COPD, ACS,
CHE, diabetes, sepsis, cancer, APACHE-IV, anticoagulant, antiplatelet, hemoglobin, vancomycin, levofloxacin,
glucocorticoid, carbapenem, vasopressor, mechanical ventilation, dialysis, and BMI, but not adjusted for
stratification variables.

Data availability
The data were completely available at https://eicu-crd.mit.edu/.

Received: 29 October 2024; Accepted: 19 May 2025
Published online: 21 May 2025

References
1. Stevens, P. E. et al. KDIGO 2024 clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney
Int. 105, S117-314 (2024).
2. Johansen, K. L. et al. US renal data system 2023 annual data report: epidemiology of kidney disease in the United States. Am. J.
Kidney Dis. 83 (4 Suppl 1), A8-13 (2024).
3. Gollasch, B. et al. Effects of Hemodialysis on plasma Oxylipins. Physiol. Rep. 8. (2020).

Scientific Reports|  (2025) 15:17714 | https://doi.org/10.1038/s41598-025-03027-2 nature portfolio


https://eicu-crd.mit.edu/
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10.

11.

12.
13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

45.

. Hashmi, M. E, Benjamin, O. & Lappin, S. L. In End-Stage Renal Disease. (eds StatPearls) (StatPearls Publishing, 2024).
. Ghaderian, S. B., Hayati, E, Shayanpour, S. & Beladi Mousavi, S. S. Diabetes and end-stage renal disease; a review Article on new

concepts. J. Ren. Inj. Prev. 4, 28-33 (2015).

. Singh, J. et al. Pulmonary embolism in chronic kidney disease and end-stage renal disease hospitalizations: trends, outcomes, and

predictors of mortality in the United States. SAGE Open. Med. 9. (2021).

. Yin, W,, Bain, S. & Min, T. The effect of Glucagon-Like Peptide-1 receptor agonists on renal outcomes in type 2 diabetes. Diabetes

Ther. 11. (2020).

. Yakupova, E. I, Abramicheva, P. A, Bocharnikov, A. D., Andrianova, N. V. & Plotnikov, E. Y. Biomarkers of the end-stage renal

disease progression: beyond the GFR. Biochem. (Mosc). 88, 1622-1644 (2023).

. Zacharias, H. U. et al. A predictive model for progression of CKD to kidney failure based on routine laboratory tests. Am. J. Kidney

Dis. 79, 217-230el (2022).

Alduraywish, A. et al. Liver morbidity among haemodialysis patients negative for manifest HBV and HCV: Hospital-based study
in an endemic area. Microbes Infect. Dis. (2022).

Ray, L., Nanda, S. K., Chatterjee, A., Sarangi, R. & Ganguly, S. A comparative study of serum aminotransferases in chronic kidney
disease with and without end-stage renal disease: need for new reference ranges. Int. J. Appl. Basic. Med. Res. 5, 31 (2015).

Khan, S. S. et al. Health care utilization among patients with chronic kidney disease. Kidney Int. 62, 229-236 (2002).

Johnson, D. W. et al. Frequencies of hepatitis B and C infections among haemodialysis and peritoneal dialysis patients in Asia-
Pacific countries: analysis of registry data. Nephrol. Dial. Transplant. 24, 1598-1603 (2009).

Jan, M. et al. Various patterns of the derangement of liver function tests in end-stage renal disease patients on maintenance
hemodialysis-a single centered study from Pakistan. J. Health Rehabil. Res. 4, 78-83 (2024).

Kumar, A., Kumar, N. & Satya, A. Significance of hepatic enzymes: A review. Int. J. Adv. Biochem. Res. 7, 95-100 (2023).

Yahaya, Z., Adam, A. A., Mahe, A., Onyechi, O. & Momoh, S. Liver function and lipid profile in adult men in Eastern zone of Kogi
State, Nigeria. Dutse J. Pure Appl. Sci. 7. (2022).

Vasconcelos, M. P. A, Dalldcqua, D. V., Wedemeyer, H., Mendes-Corréa, M. C. & Villalobos-Salcedo, J. M. Noninvasive models for
predicting liver fibrosis in individuals with hepatitis D virus/hepatitis B virus coinfection in the Brazilian Amazon region. Am. J.
Trop. Med. Hyg. ;103. (2020).

Andri, E, Dono, N. D., Sasongko, H. & Zuprizal, Z. Effects of brown seaweed extract nanoparticles on liver enzymes of broiler
chickens. Adv. Biol. Sci. Res. https://doi.org/10.2991/978-94-6463-116-6_50 (2023).

Younas, A. et al. Determination of diagnostic accuracy of aspartate aminotransferase/alanine aminotranferase in patients with
hepatic cirrhosis presented at tertiary care hospital of South Punjab Pakistan. Pakistan Armed Forces Med. J. 72(SUPPL-2) (2022).
McPherson, S., Stewart, S. E, Henderson, E., Burt, A. D. & Day, C. P. Simple non-invasive fibrosis scoring systems can reliably
exclude advanced fibrosis in patients with non-alcoholic fatty liver disease. Gut 59, 1265-1269 (2010).

Wang, J. et al. Association between alanine aminotransferase/aspartate aminotransferase ratio (AST/ALT ratio) and coronary
artery injury in children with Kawasaki disease. Cardiol. Res. Pract. 2020, 8743548 (2020).

Zoppini, G. et al. The aspartate aminotransferase-to-alanine aminotransferase ratio predicts all-cause and cardiovascular mortality
in patients with type 2 diabetes. Medicine. 95, 4821 (2016).

Maeda, D. et al. Relation of aspartate aminotransferase to alanine aminotransferase ratio to nutritional status and prognosis in
patients with acute heart failure. Am. J. Cardiol. 139, 64-70 (2021).

Liu, H. et al. The association between AST/ALT ratio and all-cause and cardiovascular mortality in patients with hypertension.
Medicine 100, €26693 (2021).

Ndrepepa, G., Holdenrieder, S. & Kastrati, A. Prognostic value of de Ritis ratio in patients with acute myocardial infarction. Clin.
Chim. Acta. 535, 75-81 (2022).

Schupp, T. et al. Diagnostic and prognostic value of the AST/ALT ratio in patients with sepsis and septic shock. Scand. J.
Gastroenterol. 58, 392-402 (2023).

Yoon, J. H. et al. De Ritis ratio (Aspartate transaminase/alanine Transaminase) as a significant prognostic factor with upper urinary
tract carcinoma who underwent radical nephroureterectomy and adjuvant chemotherapy. Korean J. Urol. Oncol. 20. (2022).
Pollard, T. J. et al. The eICU collaborative research database, a freely available multi-center database for critical care research. Sci.
Data. 5, 180178 (2018).

Johansen, K. L. et al. US renal data system 2020 annual data report: epidemiology of kidney disease in the United States. Am. J.
Kidney Dis. 77(4 Suppl 1), A7-8 (2021).

Nakajima, K., Yuno, M., Tanaka, K. & Nakamura, T. High aspartate aminotransferase/alanine aminotransferase ratio may be
associated with all-cause mortality in the elderly: A retrospective cohort study using artificial intelligence and conventional
analysis. Healthcare. 10. (2022).

Drécz, B. et al. The elevated de Ritis ratio on admission is independently associated with mortality in COVID-19 patients. Viruses.
14 (2022).

Yang, H. et al. Non-linear association between aspartate aminotransferase to Alanine aminotransferase ratio and mortality in
critically ill older patients: A retrospective cohort study. PLoS One. 18. (2023).

Feng, X. et al. Association between aminotransferase/alanine aminotransferase ratio and cardiovascular disease mortality in
patients on peritoneal dialysis: a multi-center retrospective study. BMC Nephrol. 21. (2020).

Zimmerman, J. E., Kramer, A. A., McNair, D. S. & Malila, F. M. Acute physiology and chronic health evaluation (APACHE) IV:
hospital mortality assessment for today’s critically ill patients. Crit. Care Med. 34, 1297-1310 (2006).

Blazek, K., van Zwieten, A., Saglimbene, V. & Teixeira-Pinto, A. A practical guide to multiple imputation of missing data in
nephrology. Kidney Int. 99, 68-74 (2021).

Austin, P. C., White, L. R., Lee, D. S. & van Buuren, S. Missing data in clinical research: A tutorial on multiple imputation. Can. J.
Cardiol. 37, 1322-1331 (2021).

Groenwold, R. H. H. et al. Missing covariate data in clinical research: when and when not to use the missing-indicator method for
analysis. CMAJ 184, 1265-1269 (2012).

White, I. R, Royston, P. & Wood, A. M. Multiple imputation using chained equations: issues and guidance for practice. Stat. Med.
30, 377-399 (2011).

von Elm, E. et al. Strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for
reporting observational studies. BMJ 335, 806-808 (2007).

Lin, L., Chen, C. & Yu, X. The analysis of threshold effect using empower stats software. Zhonghua Liu Xing Bing Xue Za Zhi. 34,
1139-1141 (2013).

Haneuse, S., VanderWeele, T. J. & Arterburn, D. Using the E-Value to assess the potential effect of unmeasured confounding in
observational studies. JAMA 321, 602-603 (2019).

Liu, X. & Liu, P. Elevated AST/ALT ratio is associated with all-cause mortality in patients with stable coronary artery disease: a
secondary analysis based on a retrospective cohort study. Sci. Rep. 12 (2022).

Karatas, M. et al. High AST/ALT ratio is associated with cardiac involvement in acute COVID-19 patients. Medicina. 59 (2023).
Kawamoto, R., Kikuchi, A., Ninomiya, D. & Kumagi, T. Aspartate aminotransferase/alanine aminotransferase ratio: A predictor of
all-cause mortality rate among Japanese community-dwelling individuals. Cureus. https://doi.org/10.7759/cureus.52224 (2024).
Botezelli, . D. et al. Fructose-rich diet leads to reduced aerobic capacity and to liver injury in rats. Lipids Health Dis. 11 (2012).

Scientific Reports |

(2025) 15:17714

| https://doi.org/10.1038/s41598-025-03027-2 nature portfolio


https://doi.org/10.2991/978-94-6463-116-6_50
https://doi.org/10.7759/cureus.52224
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Acknowledgements
The authors are extremely appreciative of the study’s data sources.

Author contributions
Study designing, data gathering, and manuscript writing: X.L. Statistical analysis: Q. W., K.L., and X.L. Manu-
script editing: S.G., Y.L., and Z.X. The final manuscript has been read and approved by all of the authors.

Fundin

This wor% was supported by Sanming Project of Medicine in Shenzhen (No. SZSM202211016), Shen-
zhen Fund for Guangdong Provincial High-level Clinical Key Specialties (No. SZGSP006), Shenzhen Sec-
ond People’s Hospital Clinical Research Fund of Guangdong Province High-level Hospital Construc-
tion Project (Grant No.20223357008, No.2023xgyj3357003), Shenzhen Science and Technology Program
(JSGG20191118161401741).

Declarations

Ethics approval and consent to participate

Data was retrieved from eICU-CRD in compliance with the data usage agreement (our record ID: 63069214)
by the MIT Ethics Committee. This was a retrospective analysis conducted on an anonymized database for
researchers, and the MIT Ethics Committee waived the informed consent.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-03027-2.

Correspondence and requests for materials should be addressed to S.G., Y.L. or Z.X.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:17714 | https://doi.org/10.1038/s41598-025-03027-2 nature portfolio


https://doi.org/10.1038/s41598-025-03027-2
https://doi.org/10.1038/s41598-025-03027-2
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Association between aspartate aminotransferase to alanine aminotransferase ratio and mortality in critically ill patients with end stage renal disease
	﻿Methods
	﻿Study design
	﻿Data source
	﻿Study population
	﻿Variables
	﻿Covariates
	﻿Missing data processing
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of participants
	﻿Multivariate analyses results using the logistic regression model
	﻿Sensitivity analysis
	﻿Nonlinear relationship
	﻿Subgroup analysis

	﻿Discussion
	﻿Study strengths and limitations

	﻿Conclusions
	﻿References


