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Abstract

COVID-19, caused by the SARS-CoV-2 coronavirus, emerged as a global pandemic in 2020,
with profound impacts on public health and a substantial burden on intensive care units
(ICUs). Because critically ill patients are at increased risk of rapid clinical deterioration and
death, there is a need for reliable early prognostic biomarkers to support risk stratification
and optimize clinical management. Therefore, this study investigated whether clinical and
laboratory parameters obtained at hospital admission could serve as prognostic biomarkers
for endotracheal intubation and mortality in critically ill patients with COVID-19 admitted
to ICUs. A retrospective analytical study was conducted using the medical records of
107 critically ill patients with confirmed COVID-19 admitted to ICUs. Patients were
classified according to clinical outcome as survivors (n = 22) or non-survivors (n = 85).
Clinical characteristics and laboratory biomarkers obtained at hospital admission were
analyzed. D-dimer, lactate dehydrogenase (LDH), red cell distribution width (RDW), the
AST/ALT ratio, and age were independently associated with mortality. In addition, D-
dimer and LDH demonstrated moderate discriminatory performance for predicting the
need for endotracheal intubation. These findings suggest that routinely available clinical
and laboratory parameters obtained at hospital admission may serve as complementary
prognostic biomarkers to support early risk stratification and clinical decision-making
in critically ill patients with COVID-19. Nevertheless, prospective multicenter studies
are warranted to externally validate these findings and further establish their clinical
applicability.

Keywords: COVID-19; biomarkers; prognosis; intensive care units; intensive care units
(ICUs); mortality

1. Introduction

In December 2019, an outbreak of pneumonia caused by a novel coronavirus—officially
designated by the World Health Organization as coronavirus disease 2019 (COVID-19)—
was identified in Wuhan, Hubei Province, China. Following the initial outbreak, the disease
spread rapidly worldwide, leading to an estimated global death toll in the millions [1].

Typical clinical manifestations of COVID-19 include fever, cough, fatigue, myalgia,
and dyspnea. Disease severity ranges from mild symptoms to respiratory failure requiring
mechanical ventilation and multiorgan dysfunction. Approximately 5% of patients progress
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to severe or critical illness requiring intensive care and invasive mechanical ventilation
(IMV), with reported mortality rates varying from 16% to 78%. Accordingly, early clinical
assessment is crucial for triage and risk stratification [2—4], which may be enhanced by
the assessment of hematological and biochemical variables that serve as biomarkers of the
inflammatory process and tissue injury in COVID-19 [5].

The disease course is closely linked to an exacerbated inflammatory response with mul-
tisystem involvement. Pro-inflammatory cytokines trigger early disturbances in hemostasis
and circulation, promoting platelet activation and intravascular coagulation, which may
increase residual protein fragments resulting from the degradation of these clots (D-dimer),
as well as erythrocyte deformities, raising circulating levels of red cell distribution width
(RDW). When detected early, such alterations can serve as potential biomarkers for pre-
dicting clinical deterioration, such as elevated circulating levels of the enzyme lactate
dehydrogenase (LDH) [2,5-7].

Given that SARS-CoV-2 primarily targets nasal and bronchial epithelial cells and
pneumocytes, biomarkers of lung injury may help quantify tissue damage and anticipate
complications and disease progression [7]. Early laboratory evaluation of liver function,
and markers of injury in the respective tissue, such as aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), may also contribute to prognostication in COVID-19 [5-8].

Despite the growing body of evidence on prognostic biomarkers in COVID-19, most
studies have focused on isolated laboratory parameters or biomarkers that are not routinely
available in all healthcare settings. During the first waves of the COVID-19 pandemic
(2020-2021), healthcare systems faced an unprecedented demand for hospital and intensive
care resources, while standardized therapeutic protocols were still evolving and specific
vaccines were not yet widely available. In this scenario, the early identification of patients
at increased risk of clinical deterioration was essential to support timely clinical decision-
making and optimize the allocation of limited healthcare resources [9].

The present study addresses this clinical need by investigating the prognostic per-
formance of readily available and low-cost laboratory biomarkers routinely measured
in hospital practice, including D-dimer, lactate dehydrogenase (LDH), red cell distribu-
tion width (RDW), and the AST/ALT ratio. Because these biomarkers reflect different
pathophysiological mechanisms involved in COVID-19, such as coagulation abnormalities,
systemic inflammation, tissue injury, and hepatic involvement, their combined evaluation
may improve early risk stratification in critically ill patients.

Therefore, the primary objective of this study was to evaluate the prognostic value of
clinical and laboratory parameters obtained at hospital admission for in-hospital mortality
among critically ill patients with COVID-19 admitted to intensive care units. As secondary
outcomes, we investigated their association with the need for endotracheal intubation and
determined their ability to discriminate patients at higher risk of clinical deterioration.

2. Materials and Methods
2.1. Study Design

This was a retrospective, analytical study based on data obtained from the medi-
cal records of critically ill patients with confirmed COVID-19 admitted to the Intensive
Care Unit (ICU). Clinical characteristics and laboratory biomarkers obtained at hospital
admission (baseline assessment) were evaluated as potential prognostic markers.

2.2. Study Outcomes

The primary outcome was in-hospital mortality, defined as death occurring during
hospitalization after ICU admission. The secondary outcome was the need for endotracheal
intubation and invasive mechanical ventilation during ICU stay. Clinical and laboratory pa-
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rameters obtained at hospital admission were evaluated as potential prognostic biomarkers
for these outcomes.

2.3. Study Setting

The study was conducted in the COVID-19 Intensive Care Unit of a medium-sized,
high-complexity hospital located in the Northwest region of the State of Rio Grande do Sul,
Brazil, comprising 10 ICU beds.

2.4. Ethics

The study complied with Resolution 466 /2012 of the Brazilian National Health Council
and was approved by the UNIJUT Research Ethics Committee (approval number 5.439.229,
30 May 2022). The requirement for informed consent was waived, as the study involved
only the retrospective review of medical records without direct patient contact. Brazilian
national legislation considers the approval of the Research Ethics Committee (CEP) and the
Institution as appropriate measures to ensure compliance with ethical research principles
for studies involving exclusively the collection of secondary data from medical records,
without direct patient identification and without any intervention or interaction with them.
This procedure aligns with Resolution 466/2012 of the National Health Council, which
regulates research involving human subjects in the country [10].

2.5. Population and Sample

A total of 136 medical records of patients treated in the ICU for COVID-19 at the
hospital, between 1 April 2020, and 31 December 2021, were selected by convenience
according to the following criteria.

- Inclusion criteria: all medical records from the COVID-19 ICU during the study period
that were fully completed regarding clinical and laboratory parameters.

- Exclusion criteria: medical records from outside the predefined study period or with
incomplete information on clinical and laboratory parameters.

After applying the inclusion and exclusion criteria, the final sample comprised
107 records, stratified into two outcome groups:

- Hospital discharge group: 22 records;
- Death group: 85 records.

2.6. Procedures
Data Collection

Data from medical records were entered into a Microsoft Excel 365 (Microsoft Cor-
poration, Redmond, WA, USA) spreadsheet and organized into clinical and laboratory
parameters.

- Clinical variables: sex, age, number and description of comorbidities, total length of
hospital stay, length of ICU stay for COVID-19, and duration of mechanical ventilation.

- Laboratory variables: erythrocyte count, hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), RDW, platelet count, total leukocyte count, band neutrophils,
segmented neutrophils, eosinophils, basophils, monocytes, lymphocytes, prothrombin
time (PT), prothrombin activity (%), international normalized ratio (INR), activated
partial thromboplastin time (aPTT), D-dimer, quantitative C-reactive protein (CRP),
lactate, LDH, creatinine, urea, sodium, potassium, gamma-glutamyl transferase (GGT),
AST, ALT, pH, partial pressure of carbon dioxide (PaCO,), partial pressure of oxygen
(PaO,), and bicarbonate (HCO3 ™).
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2.7. Quantitative Assessment of Leukocyte Ratios

- Non-segmented/segmented neutrophil ratio: A differential count of 200 neutrophils
was performed, classifying cells as non-segmented and segmented to determine
the ratio.

- Band/segmented neutrophil ratio: A differential count of 200 neutrophils was per-
formed, classifying cells as band and segmented to determine the ratio.

- Neutrophil-to-lymphocyte ratio (NLR): Calculated using absolute neutrophil and
lymphocyte counts (per mm?).

- Monocyte-to-lymphocyte ratio (MLR): Calculated using absolute monocyte and lym-
phocyte counts (per mm?3).

- Platelet-to-lymphocyte ratio (PLR): Calculated using platelet count and absolute
lymphocyte count (mm?).

- AST/ALT ratio (De Ritis): Calculated using aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) results expressed in international units per liter (U/L).

2.8. Respiratory Support Strategy and Algorithm

During the study period, respiratory support followed the institutional protocol
adopted for patients with COVID-19 and was based on contemporary national and inter-
national recommendations. Patients presenting with hypoxemia or respiratory distress
initially received conventional oxygen therapy through a nasal cannula or face mask, with
oxygen supplementation titrated to maintain peripheral oxygen saturation (5pO,) between
93% and 96% in patients without chronic hypercapnic respiratory failure and between 88%
and 92% in those with type II respiratory failure.

Patients who remained hypoxemic despite conventional oxygen therapy were preferen-
tially managed with a high-flow nasal cannula (HFNC), provided there was no immediate
indication for endotracheal intubation. HFNC settings were adjusted according to oxygen
saturation, respiratory rate, work of breathing, arterial blood gas analysis, and overall
clinical evolution.

During the initial phase of the COVID-19 pandemic, noninvasive ventilation (NIV) was
not routinely employed because of concerns regarding aerosol generation, a high probability
of treatment failure, and delayed endotracheal intubation. As clinical experience increased
and biosafety protocols evolved, NIV was incorporated into the institutional respiratory
support algorithm for selected patients who were cooperative, hemodynamically stable,
and without an immediate indication for airway protection. Patients receiving HFNC or
NIV underwent continuous monitoring and frequent reassessment to promptly identify
treatment failure.

The decision to perform endotracheal intubation and initiate invasive mechanical ven-
tilation was based on an integrated clinical assessment rather than on isolated physiological
thresholds. Indicators of noninvasive respiratory support failure included persistent or
progressive hypoxemia despite optimized therapy, increasing respiratory rate and work of
breathing, use of accessory respiratory muscles or respiratory fatigue, progressive hypercap-
nia with respiratory acidosis, altered level of consciousness, inability to protect the airway,
hemodynamic instability, or evidence of evolving organ dysfunction. Patients receiving
HENC or NIV remained under continuous surveillance in an environment where early
and controlled endotracheal intubation could be promptly performed whenever clinical
deterioration occurred.
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2.9. Criteria for Intubation

The physician performed a clinical assessment in conjunction with the evaluation

of laboratory parameters, which were used as criteria for orotracheal intubation of

the patients:

Refractory hypoxemia;

SpO, < 90% (or PaO, < 60 mmHg) despite high-flow oxygen (HFNC) or well-

conducted noninvasive ventilation (NIV);

Pa0, /FiO; ratio < 100 with clinical deterioration;

Signs of respiratory fatigue;

Marked use of accessory muscles;

Paradoxical breathing;

Persistent tachypnea (generally >35-40 breaths per minute);

Inability to speak full sentences;

Exhaustion;

Altered level of consciousness;

Drowsiness, confusion, or significant agitation due to hypoxia or hypercapnia;
Inability to protect the airway;

Progressive hypercapnia with acidosis;

pH < 7.25 associated with CO, retention, especially with clinical worsening;
Hemodynamic instability;

Shock or increasing requirement for vasopressor;

Respiratory arrest or impending arrest;

Apnea, gasping, or very rapid deterioration.

2.10. Statistical Analysis

Data are expressed as mean + standard deviation. After assessing the distribution of

variables, comparative analyses of means were performed using the t-test or Mann-Whitney

test, and one- or two-way ANOVA, as appropriate, along with effect size estimation. A

two-sided p-value < 0.05 was considered statistically significant.

3. Results

Our results show, among clinical parameters, that age was higher (p = 0.0005) in the
death group, with a mean of 70.38 (+15.11) years. The other clinical parameters did not
differ between patients in the discharge and death outcome groups, as shown in Table 1.

Table 1. Clinical parameters in outcome prognosis.

Parameters Discharge (n = 22) Death (n = 85) p-Value
Male—63.6% (14) Male—56.5% (48)
Sex Female—33.4% (8) Female—43.5% (37) 0.632
Age (years) 56.27 + 16.97 70.38 + 15.11 0.0005
Number of comorbidities 1.81 +1.50 1.72 £ 1.15 0.785

Hypertension (63.33%); Type 2 Hypertension (51.76%); Type 2

Type of comorbidity diabetes (36.36%); Obesity diabetes (25.88%); Obesity
(31.81%) (24.70%)
Total length of stay (days) 27.86 £17.99 19.31 + 13.46 0.045
ICU length of stay (days) 15.95 + 13.98 13.35 £9.90 0.696
Mechanical ventilation (days) 11.32 + 15.03 15.32 + 13.91 0.068

Legend: Fisher’s exact test was used for sex. For the other clinical parameters, the Mann-Whitney test was used,
with a significance level of 5%.
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Regarding laboratory parameters including hematology (complete blood count), liver

enzymes, nitrogenous compounds, electrolytes, and blood gas analysis, there were no

differences at the time of hospital admission, nor were they associated with intubation or

death, as described in Table 2.

Table 2. Laboratory parameters in outcome prognosis.

Parameters Discharge (n = 22) Death (n = 85) p-Value

Erythrocytes (10®/mm?) 4.23 +0.62 417 +0.69 0.748
Hemoglobin (g/dL) 12.84 + 1.80 12.74 £ 1.98 0.732
Hematocrit (%) 37.96 £ 5.34 37.86 £ 5.69 0.758
MCYV (fL) 89.97 + 5.35 90.94 £+ 5.57 0.465
MCH (pg) 30.42 £ 1.66 30.56 = 1.96 0.751
MCHC (%) 33.82 £ 0.99 33.61 £ 0.99 0.41

Platelets (103 /mm?) 220.90 £+ 101.70 222.50 £+ 119.60 0.668
Total Leukocyte (/mm?) 10,030 + 7447 10,223 £+ 5757 0.671
Band Neutrophils (/mm?) 691.70 + 685.1 760.50 £ 785.90 0.958
Segmented Neutrophils (/mm?) 7519 + 5684 7431 £+ 4691 0.945
Eosinophils (/mm?3) 98.14 £ 164.30 72.69 + 102.10 0.465
Basophils (/mm?) 0.00 £ 0.00 0.49 £2.75 0.600
Monocyte (/mm?) 611.70 £ 610.00 663.60 £ 580.40 0.553
Lymphocyte (/mm?) 1073.00 =+ 549.00 1298 + 905.20 0.325
NLR 8.78 £ 4.85 7.97 £ 6.58 0.126
MLR 0.59 £ 0.32 0.54 £0.29 0.370
PLR 0.23 £0.11 0.22 £0.15 0.358
NT/WBC 0.80 £ 0.60 0.77 £ 0.10 0.364
LYN/WBC 0.12 £ 0.06 0.14 + 0.08 0.121
PT (s) 11.23 £0.85 15.21 £ 15.57 0.413
PT activity (%) 91.63 £ 16.75 81.72 £ 25.13 0.413
INR 1.04 £ 0.08 1.39 £1.37 0.413
aPTT (s) 24.70 £ 0.00 32.89 £+ 21.41 0.999
CRP (mg/dL) 84.68 + 70.53 120.70 £ 139.20 0.180
Lactate (mg/dL) 14.18 £ 5.40 14.47 £+ 8.37 0.599
Creatinine (mg/dL) 1.83 £2.40 1.54 £ 3.07 0.763
Urea (mg/dL) 61.75 £ 53.96 62.34 £ 41.26 0.270
Sodium (mEq/L) 139.30 £ 6.28 137.3 £4.32 0.292
Potassium (mEq/L) 4214+ 0.96 412 4+ 0.69 0.746
GGT (U/L) 90 £ 49.49 174.00 £ 125.40 0.999
AST (U/L) 29.56 + 8.63 73.53 £131.9 0.125
ALT (U/L) 34.10 £17.74 39.42 £ 48.36 0.616
pH 7.42 £ 0.04 7.41 £ 0.09 0.737
PaCO, (mmHg) 32.36 £ 3.45 34.72 £ 11.42 0.346
PaO, (mmHg) 91.29 £ 45.52 81.89 £ 33.22 0.590
pHCO;™ (mEq/L) 21.16 298 27.41 £29.71 0.536

Legend: For erythrocyte count, the unpaired {-test was used. For the other laboratory parameters, the Mann—
Whitney test was used, with a significance level of 5%.
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D-dimer concentrations at hospital admission were significantly higher among patients
who subsequently required endotracheal intubation and among those who died during
hospitalization (p = 0.0471 for intubation and p = 0.0057 for mortality), as shown in Figure 1.

D-dimer (Admission) D-dimer (Admission)
25000 25000 *
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Figure 1. D-dimer at hospital admission, significantly associated with death and the need for
intubation. Legend: Statistical analysis by the Mann—Whitney test; discharge group (n = 22) and
death group (n = 85); significance level of 5%. Asterisks (*) indicate statistically significant differences
between groups (p < 0.05).

Similarly to D-dimer, LDH concentrations at hospital admission were higher in patients
who were intubated (p = 0.0118), as well as in those in the death group (p = 0.0060), as
shown in Figure 2.

LDH (Admission) LDH (Admission)
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Figure 2. LDH at hospital admission, significantly associated with death and the need for intubation.
Legend: Statistical analysis by the Mann-Whitney test; discharge group (n = 22) and death group
(n = 85); significance level of 5%. Asterisks (*) indicate statistically significant differences between
groups (p < 0.05).

Considering the red cell distribution width (RDW), we identified that values at hospital
admission were higher in the death group (p = 0.0417). However, this biomarker did not
differ between intubation groups (p = 0.5172) (Figure 3).
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Figure 3. RDW at hospital admission was associated with mortality but not with endotracheal
intubation. Legend: Statistical analysis by the Mann—Whitney test; discharge group (n = 22) and
death group (n = 85); significance level of 5%. Asterisks (*) indicate statistically significant differences
between groups (p < 0.05).

Likewise, the ALT/AST (Figure 4) ratio was significantly lower in patients who died
during hospitalization (p = 0.0138). It is noteworthy that, as shown in Table 2, isolated AST
and ALT values were not relevant; however, their ratio predicted death.

ALT/AST (Admission) ALT/AST (Admission)
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[ ] ®
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Figure 4. ALT/AST ratio at hospital admission was significantly associated with in-hospital mortality.
Legend: Statistical analysis by the Mann—-Whitney test; discharge group (n = 22) and death group
(n = 85); significance level of 5%. Asterisks (*) indicate statistically significant differences between
groups (p < 0.05).

Biomarkers that were significantly associated with in-hospital mortality were subse-
quently evaluated using receiver operating characteristic (ROC) curve analysis to assess
their discriminatory performance and determine optimal cutoff values (Figure 5). Overall,
the biomarkers demonstrated moderate discriminative ability for predicting mortality.
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Figure 5. ROC curves for D-dimer, LDH, RDW, and ALT/AST ratio. Legend: ROC curve analysis;

discharge group (n = 22) and death group (n = 85); significance level of 5%. The red dashed line
represents the reference value/cut-off value used in the analysis.

For D-dimer, the optimal cutoff value was >572.9 ng/mL, yielding an area under the
ROC curve (AUC) of 0.7031 (95% CI: 0.5705-0.8357), with 68.75% sensitivity and 70.00%
specificity (p = 0.0063). LDH showed an optimal cutoff of >306.5 U/L, with an AUC of 0.7422
(95% CI: 0.5976-0.8868), 75.00% sensitivity, and 78.57% specificity (p = 0.0096). For RDW, the
optimal threshold was >13.15%, corresponding to an AUC of 0.6413 (95% CI: 0.5075-0.7751),
with 71.88% sensitivity and 54.55% specificity (p = 0.0422). The ALT/AST ratio (reported
as TGP/TGO) demonstrated the best cutoff at <0.9815, with an AUC of 0.7473 (95% CI:
0.5372-0.9574), achieving 80.65% sensitivity and 77.78% specificity (p = 0.0254).

4. Discussion

The present study demonstrated that age, D-dimer, LDH, RDW, and the ALT/AST
ratio were associated with adverse clinical outcomes among critically ill patients with
COVID-19. Overall, these findings reinforce the concept that biomarkers reflecting throm-
boinflammation, tissue injury, hematological alterations, and organ dysfunction may con-
tribute to early risk stratification when interpreted together with the patient’s clinical
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condition. Although the discriminatory performance of the evaluated biomarkers was
moderate, their widespread availability, low cost, and routine use in hospital practice
make them attractive complementary tools for identifying patients at increased risk of
unfavorable outcomes [11,12]. Studies indicate that D-dimer levels above 1000 ng/mL are
associated with a significantly higher mortality rate, reinforcing the importance of this
biomarker in risk stratification [12]. In the present study, D-dimer levels >572.9 ng/mL
at hospital admission were associated with an increased likelihood of subsequent respira-
tory deterioration requiring endotracheal intubation. However, elevated D-dimer levels
should be interpreted as markers of overall disease severity and systemic inflammatory
and thrombotic burden, rather than as independent predictors of the need for invasive
mechanical ventilation.

D-dimer, a fibrin degradation product, is one of the most extensively studied prog-
nostic biomarkers in COVID-19. Elevated D-dimer concentrations have consistently been
associated with thromboembolic events, exaggerated inflammatory responses, disease
severity, and increased mortality. Zhou et al. (2020) [11] demonstrated that patients with
severe COVID-19 exhibited significantly higher D-dimer levels than those with non-severe
disease, highlighting its value for the early identification of thromboembolic complications.
Likewise, Thachil et al. (2020) [13] reported that elevated D-dimer concentrations are
consistently associated with poor clinical outcomes and may serve as a reliable indicator
of disease severity. Jee (2020) [14] further demonstrated that increased D-dimer levels are
associated with a greater likelihood of adverse outcomes, including the need for mechanical
ventilation and ICU admission.

Our findings are consistent with these previous reports. In the present study, D-dimer
concentrations above 572.9 ng/mL at hospital admission were associated with subsequent
progression to endotracheal intubation, supporting its role as an early prognostic biomarker
for clinical deterioration. Although Tang et al. (2020) [12] proposed a higher threshold
(>1000 ng/mL) for predicting disease progression, differences in patient characteristics,
disease severity, and study design may explain the lower cutoff identified in our cohort. Im-
portantly, the moderate discriminatory performance observed in our ROC analysis suggests
that D-dimer should not be interpreted as an isolated predictor but rather as a complemen-
tary biomarker integrated with clinical assessment and other laboratory findings.

Beyond its association with coagulation abnormalities, elevated D-dimer may also
reflect the intense inflammatory response observed in severe COVID-19. Battaglini et al.
(2022) [15] suggested that D-dimer may represent not only a marker of thrombotic com-
plications but also an indirect indicator of cytokine storm and endothelial dysfunction,
reinforcing its biological relevance during disease progression. Collectively, these findings
support the incorporation of D-dimer into the initial laboratory assessment of hospital-
ized patients, particularly for early risk stratification and identification of individuals at
increased risk of respiratory deterioration.

Similarly, LDH has been consistently recognized as a marker of tissue injury and
systemic inflammation in patients with COVID-19. Elevated LDH concentrations reflect
cellular damage, hypoxia, and pulmonary injury, all of which are characteristic features
of severe disease [16-18]. We identified that elevated LDH levels at hospital admission
were associated with subsequent clinical deterioration, including progression to respiratory
failure requiring endotracheal intubation and an increased risk of death during ICU stay.
Nevertheless, this association likely reflects the greater severity of pulmonary and systemic
tissue injury in critically ill patients, and LDH should be interpreted as a complementary
prognostic biomarker rather than as an independent determinant of the need for invasive
mechanical ventilation.
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Our results are in agreement with previous studies. Aloisio et al. (2020) [16] demon-
strated that patients with LDH concentrations above 250 U/L had significantly higher
mortality rates, emphasizing the usefulness of this biomarker for identifying individuals at
increased risk of unfavorable outcomes. Likewise, the meta-analysis conducted by Li et al.
(2020) [18] showed that LDH levels were consistently higher among patients with severe
COVID-19 than among those with milder disease, suggesting that LDH may serve as an
early marker of clinical deterioration. Similar observations were reported by Jee (2020) [14],
who found that elevated LDH concentrations were associated with worse clinical outcomes,
including mechanical ventilation and mortality.

Although the ROC analysis demonstrated only moderate discriminatory performance,
the observed prognostic value of LDH is biologically plausible. As discussed by Lopes-
Pacheco et al. (2021) [17], LDH reflects not only systemic inflammation but also the
extent of tissue damage, particularly pulmonary injury, which plays a central role in the
pathophysiology of severe COVID-19. Battaglini et al. (2022) [15] further emphasized
that LDH may contribute to the assessment of systemic inflammatory responses and
cytokine storm, supporting its use as a complementary biomarker for early risk stratification.
Therefore, rather than serving as a standalone predictor, LDH should be interpreted together
with clinical findings and other laboratory parameters to improve prognostic assessment at
hospital admission.

Liver involvement has been consistently described in patients with COVID-19 and
is thought to result from multiple mechanisms, including direct viral cytopathic effects,
immune-mediated injury, systemic inflammation, hypoxia, and drug-induced hepatotoxic-
ity [19]. Because hepatocytes and cholangiocytes express angiotensin-converting enzyme 2
(ACE2), SARS-CoV-2 infection may directly contribute to hepatic dysfunction [20]. Nev-
ertheless, abnormalities in liver enzymes should be interpreted cautiously, particularly
during hospitalization, when antiviral agents, corticosteroids, immunomodulatory thera-
pies, and other medications may influence biochemical parameters. In the present study,
however, the laboratory biomarkers included in the prognostic analyses were obtained at
hospital admission, before the evaluated clinical outcomes occurred, thereby minimizing
the potential influence of therapies initiated during hospitalization.

Among the hepatic biomarkers evaluated, isolated AST and ALT concentrations were
not associated with mortality or the need for endotracheal intubation. In contrast, the
ALT/AST ratio was significantly associated with mortality, suggesting that the relationship
between these enzymes may provide more clinically relevant information than isolated
transaminase values. Similar observations have been reported by Zinellu et al. (2020) [19],
who demonstrated that the De Ritis ratio (AST/ALT) was significantly higher among
non-survivors with COVID-19. Although our study employed the inverse calculation
(ALT/AST), both investigations indicate that the relative balance between AST and ALT,
rather than their absolute concentrations, better reflects disease severity and adverse
prognosis [20].

These findings are further supported by Pranata et al. (2021) [21] and Dracz et al.
(2022) [22], who reported that alterations in the AST/ALT ratio are associated with severe
clinical outcomes and increased mortality in COVID-19. The biological rationale underlying
these observations probably extends beyond liver injury alone, reflecting systemic inflam-
mation, hypoxic tissue damage, and multisystem involvement frequently observed in
critically ill patients [20]. Therefore, the ALT/AST ratio may represent a simple and widely
available complementary biomarker for mortality risk stratification, although its clinical
interpretation should always be integrated with the patient’s overall clinical condition.

RDW was also associated with in-hospital mortality in our cohort, although no sig-
nificant association was observed with the subsequent need for endotracheal intubation.
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RDW has emerged as a readily available hematological biomarker reflecting anisocytosis,
ineffective erythropoiesis, systemic inflammation, oxidative stress, and impaired tissue
oxygenation [23]. Increasing evidence suggests that elevated RDW is associated with ad-
verse outcomes across a wide spectrum of acute and chronic diseases, including COVID-19.
Foy et al. (2020) [24] demonstrated that increased RDW at hospital admission was indepen-
dently associated with mortality among hospitalized patients with COVID-19, while Lee
et al. (2021) [25] further reinforced its value as an indicator of disease severity and systemic
inflammatory response.

The findings of the present study are consistent with these observations, suggesting
that RDW may identify patients presenting a more pronounced inflammatory state and
greater physiological impairment at hospital admission. However, unlike D-dimer and
LDH, RDW was not associated with the need for endotracheal intubation, indicating that its
prognostic value in our cohort was restricted to mortality. This distinction reinforces the im-
portance of interpreting each biomarker according to the specific clinical outcome evaluated
rather than assuming a uniform prognostic role across different endpoints. Moreover, the
moderate discriminatory performance observed in the ROC analysis indicates that RDW
should be interpreted as a complementary biomarker integrated with other laboratory
findings and the overall clinical assessment. Previous studies have similarly demonstrated
that elevated RDW reflects chronic inflammation, dysregulated hematopoiesis, and progres-
sive organ dysfunction, supporting its incorporation into early clinical risk stratification in
hospitalized patients with COVID-19 [13,18,21,24,25].

Age remained one of the strongest clinical factors associated with mortality in the
present study, reinforcing findings consistently reported since the beginning of the COVID-
19 pandemic. Older individuals exhibit greater susceptibility to severe disease due to
immunosenescence, chronic low-grade inflammation, endothelial dysfunction, and the
higher prevalence of chronic comorbidities, all of which contribute to impaired physio-
logical reserve and reduced ability to respond to acute systemic infections [16,26-28]. In
agreement with previous epidemiological studies, patients who died in our cohort were
substantially older than survivors.

Our findings are consistent with those reported by Zhou et al. (2020) [11], Msemburi
etal. (2023) [26], Wiemken et al. (2023) [27], and Paterson et al. (2022) [28], all of whom iden-
tified advanced age as one of the principal determinants of adverse outcomes in COVID-19.
Although hypertension, diabetes mellitus, and obesity were frequently observed in our co-
hort, these comorbidities were not independently associated with mortality or endotracheal
intubation in the univariate analyses [16]. This observation does not diminish their estab-
lished clinical relevance but suggests that, within our study population, age represented
the most prominent demographic characteristic associated with poor prognosis.

The findings of the present study suggest that routinely available clinical and labo-
ratory biomarkers obtained at hospital admission may support the early identification of
critically ill patients with COVID-19 who are at increased risk of adverse outcomes. Because
these biomarkers are inexpensive, widely available, and already incorporated into routine
hospital practice, they may represent practical complementary tools for early risk strati-
fication and clinical decision-making, particularly in settings with high patient demand
or limited healthcare resources. Nevertheless, their moderate discriminatory performance
indicates that they should not be used in isolation but rather interpreted in conjunction
with clinical assessment and other diagnostic information to support individualized pa-
tient management. Future studies should further investigate and externally validate these
biomarkers, as well as explore multimarker approaches capable of improving prognostic
accuracy and optimizing therapeutic decision-making [15,17].
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This study has several limitations that should be considered when interpreting its find-
ings. First, its retrospective, single-center design may limit the generalizability of the results
to other populations and healthcare settings. In addition, patients were included through
convenience sampling based on the availability of eligible medical records, which may have
introduced selection bias and reduced the representativeness of the study population. Fur-
thermore, the marked imbalance between outcome groups and the absence of multivariable
analyses preclude conclusions regarding the independent prognostic value of the evaluated
biomarkers. Complete and standardized information regarding treatments administered
during hospitalization, including corticosteroids, antiviral agents, and immunomodulatory
therapies, was not consistently available, preventing adjustment for these potential con-
founders. Although these interventions may influence inflammatory biomarkers and liver
enzyme levels, all clinical and laboratory variables included in the prognostic analyses were
obtained at hospital admission, reflecting the patients’ baseline clinical status before the
effects of in-hospital therapies became fully established. Finally, the study was conducted
during the first waves of the COVID-19 pandemic (2020-2021), a period characterized by
the absence of vaccination, evolving therapeutic protocols, and unprecedented demand on
healthcare systems, factors that should be considered when extrapolating these findings to
the current clinical scenario. Therefore, prospective, multicenter studies with larger cohorts,
standardized treatment protocols, and adjusted multivariable analyses are warranted to
externally validate these findings and further establish the clinical applicability of these
readily available biomarkers.

5. Conclusions

The present study demonstrated that higher admission levels of D-dimer, LDH, RDW,
the ALT/AST ratio and advanced age were associated with increased in-hospital mortality
among critically ill patients with COVID-19. In addition, higher admission concentrations
of D-dimer and LDH were associated with subsequent endotracheal intubation, suggesting
that these biomarkers may reflect greater disease severity and an increased likelihood of
respiratory deterioration.

Overall, these findings support the potential value of routinely available clinical
and laboratory biomarkers obtained at hospital admission as complementary tools for
early risk stratification. Given their low cost and broad availability, these biomarkers
may assist clinical decision-making when interpreted alongside clinical assessment and
respiratory evaluation. However, their moderate discriminatory performance and the
retrospective nature of this study indicate that they should not be considered standalone
prognostic markers. Prospective, multicenter studies incorporating multivariable analyses
and standardized respiratory severity assessment are needed to externally validate these
findings before broader clinical implementation.
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