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Abstract: (1) Background: Liver damage is an important component of acute COVID-19, and the
advancement of preexisting liver disease is associated with a worse prognosis; (2) Methods: A na-
tionwide retrospective study including 7444 patients aimed to evaluate levels of selected markers of
liver damage and disease advancement and their association with mortality and mechanical ventila-
tion (MV); (3) Results: Elevation of the following markers in multivariate models were associated
with increased odds of mortality: Alanine transaminase (ALT), aspartate transaminase (AST), gamma-
glutamyltransferase (GGT), lactate dehydrogenase (LDH), fibrosis-4 score (FIB-4), AST-to-platelet
ratio index (APRI), and decreased levels of platelet count (PLT). Elevated levels of AST, LDH, APRI,
FIB-4, and the AST/ALT ratio and decreased levels of PLT were associated with increased odds of
MV in multivariate models. The best predictive accuracy against mortality was achieved with FIB-4
with AUC = 0.733 (95% CI, 0.718–0.749) at the optimal cut-off point of 2.764, while against MV was
achieved with LDH with AUC = 0.753 (95% CI, 0.727–0.778) at the optimal cut-off point of 449.5 IU/L.
(4) Conclusions: Our study confirms that the advancement of liver damage contributes to a worse
prognosis in COVID-19 patients. Markers for liver damage and the advancement of liver disease can
provide predictive value in clinical practice among COVID-19 patients.

Keywords: SARS-CoV-2; COVID-19; liver; liver fibrosis; alanine aminotransferase; aspartate
aminotransferase; liver function tests; lactate dehydrogenases; mortality; respiration; artificial
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a cause of coron-
avirus disease 2019 (COVID-19) that led to a global pandemic [1]. Initially, the respiratory
tract was considered the primary target of SARS-CoV-2 [2]. However, it has been noticed
that in many patients, the liver is also affected. The angiotensin-converting enzyme 2
(ACE2), which is the main host receptor to which the spike protein of the virus binds, is also
expressed in the liver, especially in cholangiocytes. Liver injury caused by SARS-CoV-2
is likely caused by multiple factors, such as the direct cytopathic effect of the virus, an
exaggerated systematic immune response due to a cytokine storm, vascular damage, co-
agulopathy, and drug-induced injury [2,3]. Several biomarkers are used in the clinical
diagnostic process to help in identifying liver injury.

Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) take part in
gluconeogenesis in the liver and are released into the blood in hepatocytic injury. In
clinical diagnostics to interpret levels of AST and ALT, the AST/ALT ratio, also known
as the DeRitis ratio, is often used. Gamma glutamyl transferase (GGT) is present in
many organs, including the liver, and its elevated levels, apart from liver injury, can be
caused by drugs, alcohol use, myocardial infarction, chronic obstructive pulmonary disease,
pancreatic disease, or renal failure [4]. L-lactate dehydrogenases (LDH) are a family of
2-hydroxy acid oxidoreductases that interconvert pyruvate to lactate. LDH is found in
skeletal muscles, cardiac muscles, and liver [5]. Elevated levels of LDH in COVID-19
patients have been observed in those with abnormal liver function as well as in those who
died from respiratory failure. Increased levels of LDH may also be associated with injury
of the liver and heart in COVID-19, as ACE2 is widely expressed in cardiac blood vessels.
Injury of the liver in COVID-19 patients is also linked to the hepatotoxicity of the drugs
involved in the treatment, which could explain elevated levels of LDH [6]. An aspect of
platelet activity remains an interest in COVID-19 due to thrombotic complications in this
disease. Thrombocytopenia has been reported in hospitalized COVID-19 patients as an indi-
cator of poor clinical outcomes. Moreover, post-mortem liver biopsies of deceased patients
demonstrated portal or sinusoidal vascular thrombosis in at least 50% of patients [7,8].
Platelet count is also a part of the fibrosis index based on four factors (FIB-4), which in-
cludes levels of AST and ALT as well. It is calculated by using the following formula:
(age [years] × AST [U/L])/(PLT [109/L] × (ALT [U/L])1/2), and it has been proven to be
accurate in classifying different stages of liver fibrosis in patients with viral hepatitis and
non-alcoholic fatty liver disease (NAFLD). FIB-4 seems to perform better than the AST-to-
platelet ratio index (APRI) in detecting liver fibrosis [9]. The APRI score contains AST and
platelet scores, and it is calculated using [AST (U/L)/upper limit of normal × 100]/platelet
(×109/L) ratio]. Furthermore, it has been shown that a score below 1 in COVID-19 patients
is associated with higher deaths and a lower rate of hospital discharges [10]. Our study
aimed to evaluate the association between levels of selected biomarkers of liver injury and
disease advancement with in-hospital mortality and the need for mechanical ventilation
among hospitalized COVID-19 patients. We established that elevated levels of liver injury
biomarkers, as well as elevated markers of liver damage advancement, were associated
with increased odds of both mortality and the need for mechanical ventilation. Some of
those markers can be used as good predictors of those events.

2. Materials and Methods
2.1. Database

The data for this study come from the SARSTer national database, which includes
retrospective data of 13,636 COVID-19 patients hospitalised between 1 March 2020 and
15 May 2023 in 51 Polish centres. SARSTer is an ongoing national real-world experience
study assessing treatment outcomes in patients with COVID-19 supported by the Polish
Association of Epidemiologists and Infectious Diseases Physicians. More information about
the SARSTer project has been described elsewhere [11]. From the cohort of 13,635 patients,
we excluded those who lacked reported mortality data, data concerning need for mechanical
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ventilation, or had missing AST, ALT, or PLT levels and obtained a cohort of 8004 patients.
From that cohort we excluded patients with extreme results (n = 560, 7%) and obtained a
cohort of 7444, which was a subject of further analysis. Extreme results were trimmed from
the database by removing 1st and 99th percentile results from each of the measured and
analysed variables (ALT, AST, GGT, LDH, PLT). Patients were tested for COVID-19 through
real-time reverse transcriptase–polymerase chain reaction (RT–PCR) or a COVID-19 rapid
antigen test.

2.2. Analysed Parameters

The overall condition of each patient was assessed by clinical presentation and O2
saturation measured at admission and later stratified into 5 groups of COVID-19 disease
severity—asymptomatic; symptomatic and stable patients with O2 saturation without
oxygen >95%; symptomatic and unstable patients with O2 saturation without oxygen ≤95%;
symptomatic unstable patients with SpO2 without oxygen ≤90%; and acute respiratory
distress syndrome patients. In this study, we analysed demographic data of the patients,
the presence of comorbid diseases, and levels of O2 saturation and selected available
parameters in the database associated with liver function (ALT, AST, GGT, LDH levels,
and PLT count), and scoring systems based on those data (FIB-4 index, APRI index, and
ASL/ALT ratio). In the analysis of those factors, we focused on the predictors of in-hospital
mortality and the need for mechanical ventilation.

2.3. Statistical Analysis

We report medians and interquartile ranges (IQRs) for continuous variables and the
number of cases with proportions for categorical variables. Continuous variables were
assessed using the Mann–Whitney U test, while categorical variables were analysed using
the chi–square test. For all analyses, two-sided p values ≤ 0.05 were considered statistically
significant. Logistic regression models were employed to determine the factors influencing
the likelihood of in-hospital mortality and the requirement for mechanical ventilation. We
present the crude odds ratio (OR) for univariate logistic regression models and adjusted OR
for multivariate models. Multivariate models were adjusted for age, sex, BMI, O2 saturation at
admission and presence of comorbidities: malignancy, hypertension, diabetes, ischaemic heart
disease, and COPD. We present the OR with a confidence interval (CI) of 95%. We performed
a receiver operating characteristic (ROC) curve analysis and the Youden index was utilised to
determine the optimal cut-off point for predicting mortality or need for mechanical ventilation.
The area under the curve (AUC) was calculated using the Delong method [12]. Additionally,
to present time-to-event data related to mortality, we utilised the Kaplan–Meier estimator.
Since time-to-event data for mechanical ventilation was unavailable, we did not conduct a
similar analysis for this event. Lastly, we analysed a cohort of asymptomatic patients and
reported the number and proportion of patients with abnormal results. All statistical analyses
were performed using RStudio statistical software (2023.09.0+463).

3. Results
3.1. Population Characteristics

In the studied population, the median age of the patients was 65 years (IQR: 49–76),
and around half of the population was male (52.7%). Around a quarter of the population
(25.4%) was obese, with a median BMI equal to 27 kg/m2 (IQR: 23.7–30.8). Median
hospitalisation time was 10 days (IQR: 7–14). When analysing patients’ condition at
admission, asymptomatic patients accounted for 196 cases (2.6%), symptomatic and stable
patients with O2 saturation without oxygen >95% accounted for 1986 cases (27%) of the
studied population, symptomatic and unstable patients with O2 saturation without oxygen
≤95% accounted for 2437 patients (32.7%), 2635 (35.4%) were symptomatic unstable patients
with SpO2 without oxygen ≤90%, and 73 (0.01%) were ARDS patients, while 117 (1.6%)
patients were not classified in either of the categories. Overall median O2 saturation in the
studied population equalled to 92% (IQR: 88–95). Moreover, when analysing the period of
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admission, 3930 (52.8%) patients were assessed as pre-Delta COVID-19, 1992 (26.8%) as
Delta, and 1522 (20.4%) as Omicron. We present below the median levels of the analysed
laboratory findings: ALT 29 (IQR: 19–47) IU/L, AST 39 (IQR: 28–58) IU/L, GGT 40 (IQR:
22–76) IU/L, LDH 334 (IQR: 244–464) IU/L, and PLT 192,000 (IQR: 145,000–255,000) 1/µL;
as well as the calculated indexes based on those results: APRI 0.523 (IQR: 0.328–0.879),
FIB-4 score 2.34 (IQR: 1.31–3.97), and AST/ALT ratio 1.34 (IQR: 1–1.84). Table 1 presents
demographic, clinical, and laboratory characteristics categorised by survival status and the
necessity for mechanical ventilation among hospitalised patients.

Table 1. Characterisation of the study population. (IQR, interquartile range; BMI, body mass index;
ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyltransferase; LDH,
lactate dehydrogenase; PLT, platelet count; FIB-4, fibrosis-4 score; APRI, AST-to-platelet ratio index;
COPD, chronic obstructive pulmonary disease).

Continuous
Variables

Survived
(n = 6540)

Median (IQR)

Non-Survived
(n = 904)

Median (IQR)
p Value

Non-Ventilated
(n = 7022)

Median (IQR)

Ventilated
(n = 422)

Median (IQR)
p Value

Age, yrs. 63 (46–74) 78 (70–85) <0.001 65 (48–76) 69 (61–76) <0.001
BMI, kg/m2

(n = 6550)
27.12 (23.8–30.8) 27.03 (23.8–31.1) 0.376 26.99

(23.67–30.67) 28.81 (25.47–32.77) <0.001

O2 saturation (%)
(n = 7371) 93 (89–96) 87 (80–90) <0.001 92 (88–96) 85 (78–89) <0.001

ALT (IU/L) 29 (19–46) 31 (20.23–50.13) 0.004 28 (19–46) 35.8 (23.7–53.8) <0.001
AST (IU/L) 38 (27–55) 52 (35–78) <0.001 38 (27–56) 58 (39.625–78.8) <0.001
GGT (IU/L)
(n = 4891) 39 (22–74) 46 (26–84.95) <0.001 39 (22–75) 52 (29.8–99) <0.001

LDH (IU/L)
(n = 5835) 321 (238–444) 441 (323.5–597.5) <0.001 325 (240–448) 489 (380–655) <0.001

PLT (103/µL) 195 (147–258) 177 (132–236) <0.001 194 (145–257) 176 (137–227) <0.001
APRI 0.5 (0.32–0.82) 0.74 (0.45–1.27) <0.001 0.51 (0.32–0.85) 0.79 (0.52–1.25) <0.001
FIB-4 2.15(1.2–3.63) 4.02 (2.62–6.63) <0.001 2.26 (1.27–3.86) 3.61 (2.42–5.19) <0.001

AST/ALT ratio 1.3 (1–1.77) 1.72 (1.26–2.3) <0.001 1.33 (1–1.83) 1.61 (1.23–2.08) <0.001

Categorical
Variables

Survived
(n = 6540)

n (%)

Non-Survived
(n = 904)

n (%)
p Value

Non-Ventilated
(n = 7022)

n (%)

Ventilated
(n = 422)

n (%)
p Value

Sex (male) 3458 (52.87) 463 (51.21) 0.368 3674 (52.32) 247 (58.53) 0.015
Malignancy 429 (6.56) 103 (11.39) <0.001 504 (7.18) 28 (6.64) 0.747

Hypertension 3219 (49.22) 614 (67.92) <0.001 3564 (50.75) 269 (63.74) <0.001
Diabetes 1277 (19.52) 320 (35.4) <0.001 1457 (20.75) 140 (33.18) <0.001

Ischemic heart disease 787 (12.03 254 (28.1) <0.001 963 (13.71) 78 (18.48) 0.008
COPD 279 (4.27) 79 (8.7) <0.001 337 (4.8) 21 (4.98) 0.962

3.2. Univariate and Multivariate Logistic Regression Models

In univariate logistic regressions, elevated levels of AST, GGT, LDH, APRI, FIB-4,
AST/ALT ratio, and a decreased count of PLT were associated with increased odds of
in-hospital mortality, while elevated ALT was not significantly associated. Each marker
was adjusted for age, sex, BMI, and O2 saturation at admission, and the presence of
comorbidities: malignancy, hypertension, diabetes, ischaemic heart disease, and COPD.
When adjusted, all factors were associated with increased odds of in-hospital mortality,
with an exception to increased PLT count, which was associated with decreased odds of
in-hospital mortality.

When analysing the factors associated with increased odds of requiring mechanical
ventilation in the univariate model, ALT, AST, LDH, APRI, FIB-4, and the AST/ALT ratio
were associated with increased odds of needing mechanical ventilation, while an elevated
count of PLT was associated with decreased odds. However, in the multivariate model,
only increased levels of AST, LDH, APRI, FIB-4, and the AST/ALT ratio were associated
with increased odds of mechanical ventilation, while a PLT increase was associated with
decreased odds. We present results of univariate and multivariate logistic regression models
for the odds of in-hospital mortality in Table 2 and for the odds of mechanical ventilation in
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Table 3. Detailed information about each of the 16 multivariate logistic regression models is
depicted in the Supplementary File.

Table 2. Univariate and multivariate logistic regression models for the odds of in-hospital death. (OR,
odds ratio; CI, confidence interval; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
gamma-glutamyltransferase; LDH, lactate dehydrogenase; PLT, platelet count; FIB-4, fibrosis-4 score;
APRI, AST-to-platelet ratio index).

Variable Crude OR (95% CI) p Value Adjusted OR (95% CI) p Value

ALT (IU/L) per 10 units change 1.02 (0.999–1.041) 0.056 1.033 (1.003–1.063) 0.026
AST (IU/L) per 10 units change 1.109 (1.092–1.126) <0.001 1.099 (1.075–1.124) <0.001
GGT (IU/L) per 10 units change 1.011 (1.001–1.021) 0.022 1.015 (1.001–1.028) 0.031
LDH (IU/L) per 10 units change 1.031 (1.027–1.035) <0.001 1.027 (1.021–1.033) <0.001

PLT (103/µL) per 10 units 0.979 (0.972–0.987) <0.001 0.976 (0.966–0.986) <0.001
APRI per 1 unit change 1.13 (1.085–1.178) <0.001 1.152 (1.095–1.213) <0.001
FIB-4 per 1 unit change 1.07 (1.058–1.083) <0.001 1.038 (1.023–1.053) <0.001

AST/ALT ratio per 1 unit change 1.778 (1.64–1.928) <0.001 1.552 (1.393–1.731) <0.001

Table 3. Univariate and multivariate logistic regression models for the odds of mechanical ventilation.
(OR, odds ratio; CI, confidence interval; ALT, alanine transaminase; AST, aspartate transaminase;
GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; PLT, platelet count; FIB-4, fibrosis-4
score; APRI, AST-to-platelet ratio index).

Variable Crude OR (95% CI) p Value Adjusted OR (95% CI) p Value

ALT (IU/L) per 10 units change 1.05 (1.023–1.077) <0.001 1.009 (0.972–1.045) 0.615
AST (IU/L) per 10 units change 1.103 (1.082–1.124) <0.001 1.071 (1.043–1.098) <0.001
GGT (IU/L) per 10 units change 1.013 (0.999–1.026) 0.065 1.014 (0.993–1.03) 0.126
LDH (IU/L) per 10 units change 1.038 (1.033–1.043) <0.001 1.035 (1.035–1.026) <0.001

PLT (103/µL) per 10 units 0.982 (0.971–0.993) 0.002 0.974 (0.961–0.987) <0.001
APRI per 1 unit change 1.11 (1.056–1.163) <0.001 1.092 (1.028–1.153) 0.002
FIB-4 per 1 unit change 1.035 (1.02–1.049) <0.001 1.021 (1.002–1.039) 0.024

AST/ALT ratio per 1 unit change 1.402 (1.268–1.547) <0.001 1.461 (1.285–1.658) <0.001

3.3. ROC Analysis

A receiver-operator characteristic analysis revealed that FIB-4 presented the highest
predictive value for mortality among all analysed factors (AUC 0.73 [95%CI: 0.72–0.75])
at the optimal cut-off point of 2.76, while the highest predictive value for mechanical
ventilation was observed for LDH 0.75 (95%CI: [0.73–0.78]) at the optimal cut-off point of
449.5 IU/L. Detailed ROC analysis for mortality and need for mechanical ventilation is
presented in Tables 4 and 5, respectively.

Table 4. Receiver operator characteristic (ROC) curve analysis against mortality. (AUC, area under
the curve; CI, confidence interval; FPR, false positive rate; ALT, alanine transaminase; AST, aspartate
transaminase; GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; PLT, platelet count;
FIB-4, fibrosis-4 score; APRI, AST-to-platelet ratio index).

Variable AUC 95% CI Optimal
Cut-Off Point

Sensitivity at Optimal
Cut-Off Point

FPR at Optimal
Cut-Off

FIB-4 0.733 0.718–0.749 2.764 0.7289823 0.3681957
LDH (IU/L) (n = 5835) 0.681 0.659–0.702 359.5 0.680315 0.4094231

AST/ALT ratio 0.654 0.634–0.673 1.566 0.5951327 0.3457187
AST (IU/L) 0.649 0.629–0.668 46.05 0.5873894 0.3498471

APRI 0.641 0.622–0.66 0.616 0.6073009 0.3818043
PLT (103/µL) 0.563 0.543–0.583 170.5 0.4734513 0.3718654

GGT (IU/L) (n = 4891) 0.55 0.526–0.574 44.4 0.5234114 0.4411833
ALT (IU/L) 0.529 0.509–0.549 29.15 0.5365044 0.4824159
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Table 5. Receiver operator characteristic (ROC) curve analysis against mechanical ventilation. (AUC,
area under the curve; CI, confidence interval; FPR, false positive rate; ALT, alanine transaminase;
AST, aspartate transaminase; GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; PLT,
platelet count; FIB-4, fibrosis-4 score; APRI, AST-to-platelet ratio index).

Variable AUC 95% CI Optimal
Cut-Off Point

Sensitivity at Optimal
Cut-Off Point

FPR at Optimal
Cut-Off

LDH (IU/L) (n = 5835) 0.753 0.727–0.778 449.5 0.6389776 0.2480985
AST (IU/L) 0.69 0.666–0.715 46.15 0.6635071 0.3614355

FIB-4 0.673 0.65–0.695 2.544 0.7322275 0.4400456
APRI 0.663 0.638–0.687 0.616 0.6658768 0.3937625

AST/ALT ratio 0.609 0.582–0.639 1.23 0.7535545 0.7535545
ALT (IU/L) 0.591 0.564–0.617 27.65 0.6729858 0.5206494

GGT (IU/L) (n = 4891) 0.59 0.558–0.622 40.65 0.6425993 0.479844
PLT (103/µL) 0.558 0.531–0.585 193.5 0.6184834 0.4998576

The performance of each predictor is graphically represented in Figure 1a—ROC
curves against mortality, and Figure 1b—ROC curves against mechanical ventilation.
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Figure 1. Comparison between receiver operator characteristic (ROC) curves of analysed
biomarkers and indexes (ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-
glutamyltransferase; LDH, lactate dehydrogenase; PLT, platelet count; FIB-4, fibrosis-4 score; APRI,
AST-to-platelet ratio index) against mortality (a) and mechanical ventilation (b).

3.4. Time-to-Event Analysis

Additionally, we conducted a time-to-event analysis of mortality using FIB-4 values of
the patients who were reported dead (Figure 2). Patients were stratified into three groups
based on clinically used ranges of FIB-4. We observed significantly higher mortality among
patients with values of FIB-4 above 3.25 and significantly lower mortality among patients
with values of FIB-4 below 1.45 (log-rank test < 0.001).
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3.5. Asymptomatic Patients

Lastly, we present levels of analysed biomarkers and scores among the cohort of
asymptomatic patients at the time of admission patients and their demographic and clinical
characteristics. Median age in that cohort equalled 65.5 years (IQR: 43–75), and the median
BMI = 25.3 kg/m2 (IQR: 22.5–28.7). Around half of the patients were male, n = 107 (54.6%).
Malignancy was a comorbidity among 30 (15%) patients in that cohort, hypertension among
99 (50.5%) patients, diabetes among 44 (22.4%) patients, ischaemic heart disease among
36 (18.4%) patients, and COPD among 10 (5.1%) patients. Median O2 saturation in the
studied population equalled 96% (IQR: 95–98); however, 2 (1%) patients later required me-
chanical ventilation, while 18 (9.2%) patients died during hospitalisation. In asymptomatic
patients, hospitalised COVID-19 patients’ cohort median levels of analysed biomarkers
at admission equalled to: ALT = 25 IU/L (IQR: 18–44.9), AST = 32 IU/L (IQR: 25–48),
GGT = 36 IU/L (IQR: 20–69.3), LDH = 241 IU/L (IQR: 199–323.5), PLT = 203 × 103/µL
(IQR: 150–278), APRI = 0.379 (IQR: 0.252–0.67), FIB-4 = 1.836 (IQR: 1.126–3.35), AST/ALT
ratio = 1.33 (IQR: 0.972–1.867). These results correspond to 48 (24.5%) patients with ALT
values between the upper limit and 2 times the upper limit and 11 (5.6%) patients with
values twice as high as the normal range. Fifty-one (26%) patients had AST values between
the upper limit and 2 times the normal range, and 16 (8.2%) patients had values that were
more than twice as high as the normal range. In addition, there were 64 (32.7%) patients
with GGT values above the normal range; 47 (24%) patients with LDH values above the
normal range; 49 (25%) patients with PLT counts below the normal range; 20 (10.2%) pa-
tients with APRI values above 1.5; 20 (10.2%) patients with APRI values above 1.5; 51 (26%)
patients with FIB-4 values above 3.25; and 42 (21.4%) patients with AST/ALT ratio values
above 2.

4. Discussion

COVID-19 infection can manifest in various ways, from asymptomatic cases to the
development of respiratory or multiorgan failure. In patients who develop clinically severe
forms, it is important to initiate appropriate treatment. Nonetheless, there remains a need
for analysis and detection of factors that would allow us to initiate actions aimed at early
detection of patients at risk of requiring mechanical ventilation or at risk of death [13].
In our study, we evaluated levels of selected biomarkers and scores associated with liver
function and disease advancement, as well as association of those values with in-hospital
mortality and need for mechanical ventilation among hospitalised COVID-19 patients.
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Numerous studies have been conducted to analyse the predictive value of various
parameters, such as the presence of specific clinical symptoms, results of morphological
tests, levels of cytokines, as well as other laboratory tests, indices, and scales incorporating
the selected parameters mentioned above [13,14]. There are many factors associated with
an increased risk of either mortality or MV in COVID-19; among those are demographic
factors and comorbidities, clinical presentation, and abnormal findings in blood chem-
istry. Furthermore, researchers evaluated the accuracy of predictive scores used in other
infectious diseases, such as CURB-65 used in predicting mortality in community-acquired
pneumonia [15]. However, the majority of current data support the notion that the high-
est accuracy in predicting mortality is achieved using risk scoring systems, specifically
developed for COVID-19, such as ISARIC 4C [16]. They provide clinicians with a prog-
nostic tool based on readily available outcomes in hospitalised patients. Research into the
changes in biomarker levels on big epidemiological data provides important knowledge on
mechanisms of pathogenesis in COVID-19 patients.

In our study, we observed changes in levels of all analysed biomarkers (AST, ALT, GGT,
LDH, and PLT) when comparing those who died with those who survived, as well as when
comparing those levels in a cohort of patients who required MV with those who did not
require MV. Those changes can be attributed to the pathophysiological process that, among
many patients, involves liver damage and primarily involves the development of a systemic
inflammatory response. One proposed mechanism for such a response is associated with the
ability of the SARS-CoV-2 virus to bind to ACE2 receptors on cholangiocytes, which allows
the host cell’s endosomal cysteine protease, Cathepsin L, and transmembrane protease
serine 2 (TMPRSS2) to cleave the S1 subunit of the spike protein on the virus surface. This
leads to viral membrane fusion and subsequent release of viral RNA, enabling replication
and destruction of the cells, resulting in cellular dysfunction and potentially triggering a
cytokine storm [17,18]. The cytokine storm induces a generalised inflammatory response,
damaging multiple organs, including the liver, which results in increased levels of AST, ALT,
and GGT and decreased levels of PLT, translating into elevated APRI and FIB-4 indices. The
spike protein is also associated with increased clotting by binding to the fibrinogen, a key
blood coagulation factor. This interaction promotes the formation of structurally abnormal
blood clots with heightened proinflammatory activity. The increased clotting can lead to
thrombotic events, which may result in hypoxic damage to the liver tissue [19]. Another
potential mechanism of COVID-19 induced liver injury involves neutrophil extracellular
traps (NETs), which are released by neutrophils to trap and neutralise pathogens. However,
excessive NETs formation can trigger inflammatory responses and activate the coagulation
pathway, leading to the formation of blood clots [20]. It is also worth mentioning that
medications used in the treatment of COVID-19 can lead to drug-induced liver injury,
further contributing to those observations [21].

The results of the multivariate logistic regression models show that an increase in
the following biomarkers: AST, ALT, GGT, and LDH, and an increase in the APRI, FIB-4,
and AST/ALT ratio scores are all associated with increased odds of mortality, while an
increase in PLT count is associated with decreased odds of mortality in the analysed
cohort. Our results are consistent with the findings of the meta-analysis by Liu et al., which
demonstrated that the FIB-4 index is significantly associated with mortality (relative risk
[RR]: 1.47, 95% CI [1.31–1.65], p < 0.001, I2 = 0%). This study also showed a relationship
between the AST/ALT ratio and mortality, with an elevated AST/ALT ratio raising the risk
of death by 178% (RR: 2.78, 95% CI [1.10–6.99], p = 0.03, I2 = 76%) [22]. It is worth noting
that the analysis by Liu et al. encompassed nearly the same number of patients as in our
research. Similar results were obtained by Raymond et al., where a high FIB-4 score was
associated with increased mortality (OR = 3.96, 95% CI [2.16–7.27], p < 0.001; I2: 41.3%). By
comparison, in our study, an increase in the FIB-4 index was associated with increased odds
of in-hospital mortality (1.021 [1.002–1.039] per 1 unit change, p = 0.024) [23]. Additionally,
the results obtained in our analysis for increased odds of mortality with an increase of AST
(1.099 [1.075–1.124] per 10 (IU/L) change, p < 0.001) are consistent with the results obtained
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in a large meta-analysis conducted by Del Zompo F, et al., which included approximately
20,000 patients. In this meta-analysis, elevated AST was also associated with increased
odds of in-hospital mortality (OR 1.48, 95% CI [1.12–1.96]) [24].

The AST/ALT ratio is not a specific marker for COVID-19, but it may suggest damage
to various tissues during the course of a disease caused by SARS-CoV-2. As seen in
the results presented above, the increase is more pronounced for AST than ALT. This
phenomenon may be due to the fact that ALT is more specific to the liver, so its increase
is mainly caused by damage to liver cells. In contrast, AST, which can be associated with
the liver, is also common in other tissues such as muscle, skeletal muscle, or kidney. As we
know, the damage caused by COVID-19 is multifaceted, so both enzymes increase, but the
increase in AST is greater. COVID-19 can lead to various pathological responses, such as
cytokine storms, microcirculation damage, and many others. Some of these mechanisms
may have a stronger impact on liver cells, leading to an increase in AST levels, but at the
same time, ALT levels also rise. An interesting aspect is also the difference in vitamin
B6 metabolism, which is required by ALT for its activity. In some cases of COVID-19,
decreased pyridoxine consumption may affect ALT activity, leading to a greater increase in
AST compared to ALT [25,26].

Although both APRI and FIB-4 scores are used for estimating liver fibrosis, some
authors suggest that the FIB-4 marker in COVID-19 infection may not reflect liver fibrosis
due to a transient elevation of aminotransferase activity during acute infection, which
is used to calculate FIB-4. Consequently, FIB-4 will increase in any condition resulting
in an increase in FIB-4 component parameters [27,28]. A similar explanation could be
extended to the APRI score. Elevated FIB-4 levels at admission may indicate previously
undiagnosed chronic liver disease; however, studies conducted by Kolesova et al., with
similar results in the works of Ibáñez-Samaniego et al. and Sterling et al., showed that at
admission, FIB-4 was abnormal in an average of 75% of patients with acute conditions at
the beginning of treatment, while only 6% of the study group reported previously existing
liver disease [27–29]. Interestingly, Kolesova et al. and Li et al. demonstrated that the
elevation of FIB-4 reflects the severity of COVID-19 associated with liver cell damage linked
to systemic inflammation and lung injury during acute infection [29,30]. Furthermore,
these two research groups confirmed their results by measuring FIB-4 levels 3–6 months
after recovery and found that in a significant proportion of patients, FIB-4 decreased,
indicating a relationship between FIB-4 elevation and the level of systemic inflammatory
response induced by the COVID-19 disease process [30,31]. As such, COVID-19 infection
can significantly decrease the accuracy of those non-invasive tests, which could affect the
clinical approach, especially in the case of asymptomatic patients. This view is supported
by the fact that 26% of asymptomatic patients in the analysed cohort had values of FIB-4
above 3.25—a threshold suggestive of the presence of fibrosis. The decrease in platelet
levels is attributed to the occurrence of coagulopathy and disseminated intravascular
coagulation with accompanying high levels of fibrinogen and D-dimers, which are induced
by microvascular thrombosis and pulmonary and other organ microcirculation. One of
the main reasons for this phenomenon is the heightened immune response triggered
by the cytokine storm. However, studies report other pathophysiological mechanisms
induced by COVID-19. Specifically, microthrombosis has been observed in organs where
the coronavirus was not detected, indicating a mechanism other than just the cytokine
storm. This may be associated with other phenomena of severe COVID infection, such as
hypoxaemia or ischaemia [32–34].

We analysed the predictive value of selected biomarkers and scores against mortality
and MV. When analysing the predictive value against mortality, we observed that the FIB-4
index provided the best accuracy in predicting mortality in the analysed cohort, achieving
an AUC of 0.73 (95% CI, 0.718–0.749) with an optimal cut-off value equal to 2.764. Similar
results were obtained in a study conducted by Sutandyo N. et al., with an AUC of 0.849
(95% CI, 0.735–0.962), p < 0.001 [35]. With an optimal cut-off value of FIB-4 equal to 3.85,
similar results were also obtained by Sterling et al., with an AUC of 0.77 (95% CI, 0.70–0.84)
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and Li et al., with an AUC of 0.79; its performance was even better among individuals
without a diagnosis of liver disease, with an AUC of 0.85. Our result, based on similar
positions in the literature, demonstrates the significant clinical importance of using FIB-4
as a predictor of mortality in patients with COVID-19 [28,30].

The second endpoint of our study was to analyse factors influencing the need for
mechanical ventilation in the analysed cohort. We observed increased odds of requiring me-
chanical ventilation in multivariate logistic regression models among patients with elevated
AST, LDH, FIB-4, APRI, and an AST/ALT ratio, as well as a decreased PLT count. Similar
research results were obtained by Kabbaha S. et al., who identified several laboratory tests
associated with increased risk for invasive mechanical ventilation (IMV), including high
AST (OR, 1.71 [95% CI, 1.31–2.22], p < 0.001) [36]. Similarly, Ioannou G. et al. found that
elevated serum aspartate aminotransferase (>89 U/L vs. ≤25 U/L) was significantly asso-
ciated with mechanical ventilation (adjusted hazard ratio [aHR], 2.92; 95% CI, [2.13–4.02])
and mortality (aHR, 3.00; 95% CI, [2.21–4.07]) [37].

When comparing the predictive value of analysed parameters, we observed that LDH
levels exhibited the highest predictive value for the need for mechanical ventilation in
the analysed cohort, with an AUC of 0.753 (95%CI, 0.727–0.778) at the optimal cut-off
point of 449.5 IU/L. Similar results for LDH analysis were demonstrated in the study by
Li W. et al., with an AUC of 0.757 (95% CI: 0.693–0.823) at the optimal cut-off point of
488 IU/L [38]. Payan-Pernia S. et al. obtained a slightly higher AUC for LDH, with an AUC
of 0.891 at the optimal cut-off point of 219 IU/L [39]. Variations in reported AUC values
may be attributed to differences in the sample size in the mentioned studies. As we know,
lung damage is associated with inflammation induced by the virus. The damage primarily
affects lung epithelial cells, resulting in increased LDH levels. The essence of LDH elevation
lies in the physiology of cells, where their damage leads to the release of this enzyme in
large quantities. The main inflammatory processes associated with COVID affect lung
tissue, leading to an increase in LDH. Additionally, this phenomenon may be associated
with the liver itself. In the case of direct action of the virus on hepatocytes or tissue
responses to increased inflammatory reactions, liver damage may occur, accompanied by
an increase in LDH [40–42]. Our study showed that aside from LDH, FIB-4 and AST also
provide satisfactory predictive value for mechanical ventilation, giving all these factors
clinical significance.

The acute course of SARS-CoV-2 infection can lead to significant changes in many
commonly analysed markers upon patient admission to the ward. Our study, based
on a nationwide database, confirms the important role of liver damage in the course of
COVID-19 and provides a basis for making clinical decisions based on analysed markers,
with particular emphasis on analysing FIB-4 and LDH to assess the risk of death and
mechanical ventilation, respectively. Analysing these specific parameters in COVID-19
patients could be particularly important for initially asymptomatic patients in assessing
the risk of further decompensation and the development of a severe course of the disease,
which may necessitate mechanical ventilation or lead to patient death.

Lastly, we acknowledge several limitations of our study. Firstly, our results were not
validated through a prospective cohort; thus, the predictive value of the study should be
interpreted with caution. Secondly, we did not analyse detailed preexisting liver conditions
that could affect studied marker levels. Moreover, our results should not be extended
when analysing extreme results, as we trimmed the data according to the methodology
presented above. Lastly, we did not take into consideration the relation of the analysed
markers with other established markers associated with increased odds of mortality and
mechanical ventilation.

5. Conclusions

To conclude, our research based on a Polish nationwide database of hospitalised
COVID-19 patients supports that liver disease advancement and subsequent elevation of
specific biomarkers are associated with increased odds of mortality and MV. Moreover,
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among evaluated factors, FIB-4 presents the highest predictive value against mortality,
while LDH levels present the highest predictive value against MV. Thus, such markers are
useful in clinical practice. However, these changes could also decrease the accuracy of those
estimators in other clinical situations, especially among asymptomatic COVID-19 patients.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/v16101530/s1. Table S1: Multivariate logistic regression
models for the odds of in-hospital death. (AIC, Akaike information criterion; OR, odds ratio; CI,
confidence interval; BMI, body mass index; ALT, alanine transaminase; AST, aspartate transaminase;
GGT, gamma-glutamyltransferase; LDH, lactate dehydrogenase; PLT, platelet count; FIB-4, fibrosis-4
score; APRI, AST-to-platelet ratio index); Table S2: Multivariate logistic regression models for the
odds of mechanical ventilation. (AIC, Akaike information criterion; OR, odds ratio; CI, confidence
interval; BMI, body mass index; ALT, alanine transaminase; AST, aspartate transaminase; GGT,
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APRI, AST-to-platelet ratio index).
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