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Abstract: COVID-19 has a mortality rate exceeding 5.4 million worldwide. The early identification of
patients at a high risk of mortality is essential to save their lives. The AST-to-lymphocyte ratio index
(ALRI) is a novel biomarker of survival in patients with hepatocellular carcinoma, an organ susceptible
to SARS-CoV-2 infection. For this study, the prognostic value of ALRI as a marker of COVID-19
mortality was evaluated. For this purpose, ALRI was compared with the main biomarkers for
COVID-19 mortality (neutrophil-to-lymphocyte ratio [NLR], systemic immune-inflammation index
[SII], platelet-to-lymphocyte ratio [PLR], lactate dehydrogenase (LDH)/lymphocyte ratio [LDH/LR]).
A retrospective cohort of 225 patients with SARS-CoV-2 infection and without chronic liver disease
was evaluated. In the non-survival group, the ALRI, NLR, SII, and LDH/LR were significantly higher
than in the survival group (pcorrected < 0.05). ALRI had an area under the curve (AUC) of 0.81, a
sensitivity of 70.37%, and a specificity of 75%, with a best cut-off value >42.42. COVID-19 patients
with high ALRI levels had a mean survival time of 7.8 days. Multivariate Cox regression revealed
that ALRI > 42.42 (HR = 2.32, 95% CI: 1.35–3.97; pcorrected = 0.01) was a prognostic factor of COVID-19
mortality. These findings prove that ALRI is an independent predictor of COVID-19 mortality and
that it may help identify high-risk subjects with SARS-CoV-2 infection upon admission.

Keywords: COVID-19; SARS-CoV-2; aspartate aminotransferase-to-lymphocyte ratio index (ALRI);
biomarker; mortality

1. Introduction

In December 2019, China (Wuhan, Hubei Province) reported cases of pneumonia
caused by an unknown virus [1]. Later, on 11 February 2020, the new virus was named
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by the International Com-
mittee on Taxonomy of Viruses (ICTV), and the resulting disease was named COVID-19 by
Word Health Organization (WHO) [2]. COVID-19 has characteristics of viral pneumonia
that can lead to respiratory failure, respiratory distress syndrome, and, ultimately, death [1].
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During SARS-CoV-2 infection, there is an immune response imbalance due to hyperin-
flammation, leading to a poor prognosis of COVID-19. Thus, due to the high COVID-19
mortality rate [3], it is important to screen all patients with hyperinflammation using
hematologic parameters or ratios and to predict disease progression early on to decrease
COVID-19 mortality. In this context, identifying biomarkers that can reflect inflammation
and immune status are potential predictors for the prognosis of COVID-19 [4]. Inflamma-
tion parameters from routine bloodwork, such as leukocytes [5], neutrophiles [6], lympho-
cytes [6], neutrophil-to-lymphocyte ratio (NLR) [7], platelet-to-lymphocyte ratio (PLR) [7],
systemic immune-inflammation index (SII) [8], lactate dehydrogenase (LDH)/lymphocyte
ratio [9], aspartate aminotransferase (AST)-to-neutrophil ratio index (ANRI) [10], and
AST-to-platelet ratio index (APRI) [11] have been demonstrated to be efficient prognostic
biomarkers for COVID-19.

SARS-CoV-2 infection induces alterations in liver function tests and hepatic impair-
ment, according to pathological findings concerning patients with COVID-19 [12]. An
increase in AST levels at admission has been identified as an independent predictor of
COVID-19 mortality [12]. The AST-to-lymphocyte ratio index (ALRI) is a novel inflamma-
tory index for hepatocellular carcinoma, and it is related to the survival of patients with
this condition [13]. A study conducted in a hospital in Asia (Ankara, Turkey) found no
relationship between ALRI and COVID-19 severity [11]. However, its role in COVID-19
mortality has yet to be explored. Thus, this study aims to assess the prognostic value
of ALRI regarding the mortality of SARS-CoV-2-infected patients upon hospital admis-
sion. For this purpose, a comparison of the main biomarkers for COVID-19 mortality
(lymphocytes, platelets, NLR, SII, PLR, LDH/lymphocyte ratio) was also performed.

2. Materials and Methods
2.1. Study Design and Participants

A retrospective single-center observational and cross-sectional study was conducted
at a tertiary care hospital from the Mexican Social Security Institute (IMSS): Unidad Médica
de Alta Especialidad, Hospital de Especialidades No. 14, Centro Médico Nacional “Adolfo
Ruiz Cortines”. This study was approved by our local research ethics committee (R-
2023-3001-111) and conducted following the Declaration of Helsinki. Patients without
chronic liver disease and with a positive nucleic acid test for SARS-CoV-2 from May to
September 2020 were included in the study. This study only included patients with in-
hospital mortality due to COVID-19. Patients with other causes of mortality and with
additional SARS-CoV-2 infection were excluded from the study. Also, patients <18 years of
age, patients missing a baseline value of aspartate aminotransferase (AST) or lymphocytes,
and patients with acquired immune deficiency syndrome, a malignant tumor, liver cirrhosis,
or pregnancy were excluded.

2.2. Data Collection

The demographic data, laboratory results, clinical features, and medical history of
the patients included in the study were obtained from electronic medical records. Data
collected from laboratory results were defined using the first-time examination at admission
(within 24 h after admission). Hematological data were tested in the same laboratory using
the same standard. To analyze mortality risk, patients were followed up from admission
to discharge (1 to 22 days). The follow-up data were collected through reviewing medical
records using a double-blind method.

2.3. Variables
2.3.1. Outcome Variable: Mortality

The in-hospital mortality of patients hospitalized with a confirmed diagnosis of
COVID-19 was evaluated as an outcome variable. Mortality after hospital discharge
was not considered. These data were obtained by reviewing the virtual medical records of
patients hospitalized from 14 May to 25 September 2020.
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2.3.2. Exposure Variable: ALRI

The ALRI was calculated using the following: ALRI = aspartate aminotransferase
(U/L)/lymphocyte [14].

Laboratory Biomarkers

APRI was calculated as AST (U/L)/upper limit of normal value (U/L)/platelet
count × 100 [11]. AST-to-neutrophil ratio index (ANRI) was calculated by dividing
the AST (U/L) by the neutrophil count [10]. Neutrophil–lymphocyte ratio (NLR) was
obtained by dividing the total absolute neutrophil counts over the total lymphocyte
counts [15]. Platelets–lymphocyte ratio (PLR) was determined using the following for-
mula: PLR = absolute platelet count/absolute lymphocyte count [16]. SII = platelet
count × neutrophil count/lymphocyte count (×109/L) [8]. The leukocyte glucose in-
dex (LGI) was defined as the product between blood leukocytes counts and glucose levels
divided by 1000 [17]. Lactate dehydrogenase (LDH)/lymphocyte ratio was obtained as the
ratio between LDH levels (U/L) and lymphocyte counts (cells/µL) [9]. The first measure
of laboratory markers during the first 24 h of hospital admission were considered for
this study.

2.3.3. Other Variables

Demographic characteristics such as age, sex, and comorbidities (diabetes, hyperten-
sion, obesity, chronic kidney disease (CKD), and chronic obstructive pulmonary disease
(COPD)) were collected. The laboratory parameters measured in the first 24 h of hospital ad-
mission included the following: hemoglobin (g/dL), hematocrit (%), leukocytes (×109/L),
platelets (×109/L), neutrophils (×109/L), lymphocytes (×109/L), glucose (mg/dL), urea
(mg/dL), creatinine (mg/dL), LDH (U/L), bilirubin (mg/dL), liver enzymes (AST and
alanine aminotransferase (ALT)), and electrolytes.

2.4. Statistical Analysis

Qualitative variables are described as numbers or percentages, and quantitative data
are expressed as mean (±standard deviation, SD) for normally distributed and median
(interquartile range, IQR) for non-normally distributed. The distribution of quantitative
variables was assessed using the Shapiro–Wilk test. The Mann–Whitney test or Student’s-t
test was used to compare the quantitative variables between the different groups. The
Chi-square test and Fisher’s exact test were used to evaluate the differences between the
qualitative variables between the groups. The Receiver Operator Characteristic (ROC)
curve [18] was calculated to find the accuracy of the variables in predicting COVID-19
mortality. An area under the curve (AUC) values were considered adequate at 0.7 to 0.8.
Youden’s J index finds the cut-off value that maximizes the sum of sensitivity and specificity
(or equally minimizes the sum of false positive and false negative errors) and is calculated
as J = (sensitivity + specificity-1) [19]. The lymphocytes, PTT, AST, ALRI, NLR, SII, and
LDH/lymphocyte ratio levels were dichotomized by defining the best cut-off obtained for
Youden’s-J statistic on the ROC curve. Survival curves were estimated using the Kaplan–
Meier method [20], and the differences between groups were assessed using the log-rank
test [21]. Univariate and multivariate Cox proportional hazard regression models were
adopted to calculate the hazard ratio (HR) with a corresponding 95% confidence interval
(CI) [22] for mortality risk. The covariates that were significant in the univariate Cox regres-
sion analysis were selected to be tested in the multivariate Cox regression analysis. The
variance inflation factors (VIF) were calculated to evaluate multicollinearity. The statistical
assumptions for the regression analysis were met when there was no multicollinearity. VIF
> 5 was used to identify highly correlated variables. None of the variables included in the
model had a VIF > 1.5, thus indicating that there were no issues with multicollinearity,
i.e., no multicollinearity between the independent variables was found. All analyses were
2-tailed, and a p-value < 0.05 was considered statistically significant. p-values were adjusted
using Bonferroni correction (pcorrected) to compensate for the effect of multiple hypothesis
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testing. The variables were filtered using <0.05 as a significance cut-off. Data analysis
was performed using SPSS Statistics v.25 (SPSS Inc., Chicago, IL, USA), R v4.03 Statistical
Software (R Foundation, Vienna, Austria), and MedCalc Statistical Software (MedCalc
Software Ltd., Ostend, Belgium).

3. Results
3.1. Clinical Characteristics of the Study Subjects

The current study included 225 patients admitted to hospital with COVID-19, includ-
ing 144 surviving patients and 81 non-surviving patients. The mean age of the non-survival
group was 65 ± 12.705, and that of the survival group was 60.2 ± 13.515 (p = 0.004).The
results of the laboratory tests at the time of hospitalization are summarized in Table 1. In
the non-survival group, the urea, AST, ALRI, APRI, NLR, PLR, SII, and LDH/lymphocyte
ratio were significantly higher than in the survival group (p < 0.05), while the lymphocyte
count and partial thromboplastin time (PTT) values were significantly lower than that of
the survival group (p < 0.0001). However, the age, urea, APRI, and PLR did not remain
significant when multiple hypothesis correction was performed (pcorrected ≥ 0.05).

Table 1. Characteristics of the study population according to their COVID-19 survival.

Variable Total (n = 225) Survival Group (n = 144) Non-Survival
Group (n = 81) p-Value Adjusted

p-Value

Sex, female 99 (44%) 68 (47.2%) 31 (38.3%) 0.194 1
Age (years old) 61.97 ± 13.39 60.2 ± 13.515 65 ± 12.705 0.004 0.168
Obesity 50 (22.2%) 30 (20.8%) 20 (24.7%) 0.504 1
Diabetes 116 (51.6%) 80 (55.6%) 36 (44.4%) 0.109 1
Hypertension 143 (63.6%) 87 (60.4%) 56 (69.1%) 0.192 1
CKD 45 (25%) 27 (18.8%) 18 (22.2%) 0.532 1
COPD 6 (2.7%) 3 (2.1%) 3 (3.7%) 0.670 1
Cardiovascular disease 11 (4.9%) 9 (6.3%) 2 (2.5%) 0.335 1
Days of hospitalization 4 (4) 4 (4) 3 (6) 0.206 1
Hemoglobin (g/dL) 12.8 (2.7) 12.95 (2.3) 12.3 (3.5) 0.865 1
Hematocrit (%) 39 (6.2) 39 (6) 39 (8.9) 0.738 1
Leukocytes (×109/L) 10.2 (5.31) 10.29 (5.673) 10 (4.61) 0.615 1
Platelets (×109/L) 300 (176) 304.623 ± 126.045 298.253 ± 117.407 0.601 1
Neutrophils (×109/L) 7.23 (4.8) 7.145 (4.65) 8 (4.79) 0.140 1
Lymphocytes (×109/L) 1 (0.720) 1.065 (0.893) 0.8 (0.5) <0.0001 0.0009
PT (s) 13 (3) 13 (3.2) 13 (2.9) 0.696 1
PTT (s) 29 (5) 30 (6) 28.3 (4.8) <0.0005 0.014
INR 1.2 (0.2) 1.2 (0.2) 1.2 (0.2) 0.554 1
Glucose (mg/dL) 130 (86) 126 (83) 130 (82) 0.248 1
Urea (mg/dL) 40 (54) 40 (36.3) 50 (94) 0.014 0.588
Creatinine (mg/dL) 0.9 (1.1) 0.9 (0.8) 1 (1.7) 0.576 1
LDH (U/L) 360 (213) 363 (198) 351 (254) 0.438 1
TB (mg/dL) 0.9 (0.5) 0.9 (0.4) 0.8 (0.6) 0.753 1
DB (mg/dL) 0.4 (0.3) 0.4 (0.3) 0.4 (0.3) 0.908 1
IB (mg/dL) 0.5 (0.3) 0.5 (0.3) 0.5 (0.3) 0.564 1
AST (IU/L) 40 (28) 34.5 (26) 43 (30) <0.0005 0.009
ALT (IU/L) 33 (26) 30.5 (31) 37 (22) 0.136 1
CPK (IU/L) 157 (240) 143 (184) 160 (308) 0.091 1
CK-MB (IU/L) 24 (28) 23.5 (26.8) 24 (32.2) 0.263 1
BNP (pg/mL) 56 (138) 56 (160.8) 50 (138) 0.870 1
MYO (ng/mL) 200 (176) 200 (179) 259 (162) 0.056 1
Na (mmol/L) 137 (5) 137 (5) 137 (5) 0.377 1
K (mmol/L) 4.5 (0.7) 4.5 (0.7) 4.5 (0.7) 0.595 1
Cl (mmol/L) 99 (3) 99 (3) 99 (2) 0.678 1
ALRI 37.31 (25.274) 31.428 (25.773) 51.136 (36.6) <0.0001 <0.0001
APRI 0.323 (0.29) 0.284 (0.26) 0.403 (0.41) 0.001 0.050
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Table 1. Cont.

Variable Total (n = 225) Survival Group (n = 144) Non-Survival
Group (n = 81) p-Value Adjusted

p-Value

ANRI 4.777 (4.06) 4.6 (3.88) 4.78 (5.59) 0.127 1
NLR 8.315 (7.669) 7.481 (6.731) 10.302 (9.884) <0.0001 0.0007
PLR 302.727 (286.31) 278.4 (256.31) 361.428 (281) 0.003 0.126
SII 2133 (2482) 1838 (2367.131) 2890 (3568) 0.001 0.042
LGI 73.75 (63.959) 72.894 (65.619) 76.9 (57.494) 0.721 1
LDH/LR 0.361 (0.304) 0.331 (0.271) 0.5 (0.333) <0.0001 <0.0001

Data are presented as mean ± standard deviation, median (interquartile range), n (%). p values were calculated
using Student’s-t test, Mann–Whitney U test, Chi-squared test, or Fisher’s exact test as appropriate. The bold
values pertain to statistical significance (pcorrected < 0.05). Abbreviations: CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; PT, prothrombin time; PTT, partial thromboplastin time; INR, international
normalized ratio; LDH, lactate dehydrogenase; TB, total bilirubin; DB, direct bilirubin; IB, Indirect bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CPK, creatinine phosphokinase; CK-MB, creatine
kinase myocardial band; BNP, B-type natriuretic peptide; MYO, myoglobin; Na, sodium; K, potassium; Cl,
chloride; ALRI, aspartate aminotransferase-to-lymphocyte ratio index; APRI, aspartate aminotransferase-to-
platelet ratio index; ANRI, aspartate aminotransferase-to-neutrophil ratio index; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; LGI, leukocyte glucose index;
LDH/LR, lactate dehydrogenase/lymphocyte ratio.

3.2. Use of the Best Cut-Off Values of Hematologic Parameters to Discern COVID-19 Mortality

The best cut-off values of the lymphocytes, PTT, AST, ALRI, NLR, SII, and LDH/
lymphocyte ratio were calculated using ROC analysis to identify the non-surviving patients.
The area under the curve (AUC) values regarding lymphocytes, PTT, and AST were 0.67
(SE = 0.03; 95% CI: 0.6–0.73), 0.64 (SE = 0.03; 95% CI: 0.57–0.7), and 0.64 (SE = 0.03; 95%
CI: 0.58–0.71), respectively (Figure 1A). Regarding ratios, the AUC of ALRI, NLR, SII,
and LDH/lymphocyte ratio were 0.81 (SE = 0.02; 95% CI: 0.76–0.86), 0.67 (SE = 0.03; 95%
CI: 0.6–0.73), 0.63 (SE = 0.03; 95% CI: 0.57–0.69), and 0.68 (SE = 0.03; 95% CI: 0.61–0.74),
respectively (Figure 1B).
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Figure 1. Receiver operating characteristic (ROC) curves of (A) lymphocytes (blue line), PPT (green
line), AST (red line), and the ratios (B) ALRI (blue dotted line), NLR (green dotted line), SII (red
dotted line), and (purple dotted line) LDH/LR in predicting mortality in patients with COVID-
19. The blue circles indicate the best cut-off values. Abbreviations: PTT, partial thromboplastin
time; AST, aspartate aminotransferase; ALRI, aspartate aminotransferase-to-lymphocyte ratio index;
NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; LDH/LR, lactate
dehydrogenase/lymphocyte ratio.
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Lymphocytes, PTT, and AST could not be used in this study as potential diagnostic
tools for subsequent analysis because their sensitivity or specificity was <50% (i.e., no better
than chance) (Table 2). The best cut-off values for lymphocytes (≤1.21), PTT (≤31.9), AST
(>26), ALRI (>42.42), NLR (>9.25), SII (>1857), and LDH/lymphocyte ratio (>0.369) were
determined using Youden’s J index.

Table 2. Receiver operating characteristic (ROC) curves, best cut-off points, and prognostic accuracy
of hematologic and enzymatic parameters in COVID-19 mortality.

Variable AUC 95% CI p-Value Best Cut-Off
Point Sensitivity (%) Specificity (%)

Lymphocytes 0.67 0.6–0.73 <0.0001 ≤1.21 83.95 47.22
PTT 0.64 0.57–0.7 0.0001 ≤31.9 85.19 37.76
AST 0.64 0.58–0.71 0.0001 >26 82.72 38.89
ALRI 0.81 0.76–0.86 <0.0001 >42.42 70.37 75
NLR 0.67 0.6–0.73 <0.0001 >9.25 60.49 68.75
SII 0.63 0.57–0.69 0.0004 >1857 70.37 52.08

LDH/LR 0.68 0.61–0.74 <0.0001 >0.369 68.75 64

The bold values pertain to statistical significance (p < 0.05). Abbreviations: PTT, partial thromboplastin
time; AST, aspartate aminotransferase; ALRI, aspartate aminotransferase-to-lymphocyte ratio index; NLR,
neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; LDH/LR, lactate dehydrogenase/
lymphocyte ratio.

3.3. Analysis of the Association of Hematologic and Enzymatic Parameters with
COVID-19 Mortality

To identify the risk factors related to COVID-19 mortality, the seven statistically
significant variables (pcorrected < 0.05) in Table 1 were included in our analysis by using
Kaplan–Meier curves and the univariate Cox regression model. The Kaplan–Meier curves
were created using the best cut-off points obtained by the Youden’s J index for each variable.
The mean survival time for the COVID-19 patients above the stated lymphocyte, PTT, AST,
ALRI, NLR, SII, and LDH/lymphocyte ratio best cut-off values were 11.89 (SE = 0.71),
12.82 (SE = 0.81), 9.94 (SE = 0.83), 7.8 (SE = 0.86), 8.31 (SE = 0.78), 8.92 (SE = 0.76), and 7.9
(SE = 0.65) days, respectively. In comparison, the mean survival time for COVID-19 patients
with below the stated lymphocyte, PTT, AST, ALRI, NLR, SII, and LDH/lymphocyte ratio
best cut-off values were 8.05 (SE = 0.5), 9.58 (SE = 0.87), 11.57 (SE = 0.87), 11.69 (SE = 0.59),
13.66 (SE = 1.02), 13.62 (SE = 1.18), and 13.53 (SE = 1.21) days, respectively (Figure 2A–G).
The differences in survival for patients with laboratory and enzymatic parameters above
the stated best cut-off point compared to those below the cut-off point were statistically
significant (p < 0.05).

Regarding the univariate Cox regression model elaborated with the seven variables
that had statistically significant differences when multiple hypotheses correction was
performed (pcorrected < 0.05), lower levels of lymphocyte (HR = 2.69, 95% CI: 1.48–4.88;
pcorrected = 0.007) and PTT (HR = 2.68, 95% CI: 1.45–4.94; pcorrected = 0.007) and higher levels
of ALRI (HR = 3.2, 95% CI: 1.98–5.17; pcorrected < 0.0001), NLR (HR = 2.01, 95% CI: 1.28–3.16;
pcorrected = 0.014), and LDH/lymphocyte ratio (HR = 2.3, 95% CI: 1.43–3.69; pcorrected = 0.004)
were predictors of in-hospital mortality (Table 3). Nevertheless, multivariate Cox regression
reveled that ALRI [>42.42] (HR = 2.32, 95% CI: 1.35–3.97; pcorrected = 0.01) was a prognostic
factor of COVID-19 mortality (Table 3).
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lished best cut-off values of (A) lymphocytes, (B) PTT, (C) AST, (D) ALRI, (E) NLR, (F) SII, and
(G) LDH/LR. A p-value <0.05 was considered statistically significant. The overall survival curves
were estimated using the Kaplan–Meier method and p values (obtained via log-rank test). Ab-
breviations: PTT, partial thromboplastin time; AST, aspartate aminotransferase; ALRI, aspartate
aminotransferase-to-lymphocyte ratio index; NLR, neutrophil-to-lymphocyte ratio; SII, systemic
immune-inflammation index; LDH/LR, lactate dehydrogenase/lymphocyte ratio.
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Table 3. Univariate and multivariate Cox regression analysis of the variables associated with COVID-
19 mortality.

Univariate Multivariate

Variable HR 95% CI p-Value Adjusted
p-Value HR 95% CI p-Value Adjusted

p-Value

Lymphocytes 2.69 1.48–4.88 0.001 0.007 1.2 0.56–2.54 0.627 1
PTT 2.68 1.45–4.94 0.001 0.007 2.08 1.08–4.01 0.028 0.14
AST 1.86 1.04–3.32 0.035 0.245 - - - -
ALRI 3.2 1.98–5.17 <0.0001 <0.0001 2.32 1.35–3.97 0.002 0.01
NLR 2.01 1.28–3.16 0.002 0.014 1.31 0.8–2.15 0.275 1
SII 1.88 1.16–3.03 0.009 0.063 - - - -
LDH/LR 2.3 1.43–3.69 0.0006 0.004 1.2 0.66–2.2 0.538 1

Univariate Cox regression analysis was performed using the seven variables (lymphocyte, PTT, AST, ALRI, NLR,
SII, and LDH/lymphocyte ratio) that had statistically significant differences when multiple hypotheses correction
was performed (pcorrected < 0.05). Candidate predictors with statistically significant differences (pcorrected < 0.05) in the
univariate Cox regression analysis were included in our multivariate Cox regression analysis. Hazard ratios (HRs)
and 95% Confidence Intervals (CI 95%) are reported. Variance inflation factors were computed for the final model
to evaluate multicollinearity. The bold values pertain to statistical significance (pcorrected < 0.05). Abbreviations: PTT,
partial thromboplastin time; AST, aspartate aminotransferase; ALRI, aspartate aminotransferase-to-lymphocyte
ratio index; NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; LDH/LR, lactate
dehydrogenase/lymphocyte ratio.

3.4. Demographic, Clinical, and Hematological Characteristics of COVID-19 Patients Stratified
According to ALRI Values

Patients with lower ALRI levels were more frequently diabetic than those patients
with high ALRI levels (58.3% vs. 41.9%, p = 0.015). However, diabetes did not remain
significant when multiple hypothesis correction was performed (pcorrected = 0.615). Pa-
tients with higher ALRI values had increased mortality (61.3% vs. 18.2%, pcorrected <
0.0001) (Table 4). Moreover, patients with ALRI >42.42 had less lymphocytes (pcorrected
< 0.0001) and lower PTT (pcorrected = 0.004) when compared with patients with ALRI ≤ 42.42,
as well as increased values of AST (pcorrected < 0.0001), ALT (pcorrected = 0.0003), chloride
(pcorrected = 0.041), APRI (pcorrected = 0.0001), ANRI (pcorrected = 0.012), NLR (pcorrected < 0.0001),
PLR (pcorrected = 0.0004), SII (pcorrected = 0.0001), and LDH/lymphocyte ratio (pcorrected = 0.0001)
(Table 4).

Table 4. Demographic, clinical, and laboratory characteristics of COVID-19 patients stratified by
the ALRI.

Variable ALRI ≤ 42.42 (n = 132) ALRI > 42.42 (n = 93) p-Value Adjusted p-Value

Sex, female 59 (44.7%) 40 (43%) 0.802 1
Age (years old) 61.11 ± 13.39 63.14 ± 13.38 0.096 1
Obesity 25 (18.9%) 25 (26.9%) 0.158 1
Diabetes 77 (58.3%) 39 (41.9%) 0.015 0.615
Hypertension 88 (66.7%) 55 (59.1%) 0.248 1
CKD 26 (19.7%) 19 (20.4) 0.892 1
COPD 3 (2.3%) 3 (3.2%) 0.693 1
Cardiovascular disease 7 (5.3%) 4 (4.3%) 1 1
Non-survival 24 (18.2%) 57 (61.3%) <0.0001 <0.0001
Hemoglobin (g/dL) 12.7 (3.1) 12.85 (2.7) 0.794 1
Hematocrit (%) 39 (6.6) 39 (5.8) 0.802 1
Leukocytes (×109/L) 10.36 (5.63) 9.6 (5.18) 0.797 1
Platelets (×109/L) 296 (158.5) 300 (177.75) 0.990 1
Neutrophils (×109/L) 7.15 (4.82) 7.58 (4.79) 0.093 1
Lymphocytes (×109/L) 1.21 (1.04) 0.79 (0.42) <0.0001 <0.0001
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Table 4. Cont.

Variable ALRI ≤ 42.42 (n = 132) ALRI > 42.42 (n = 93) p-Value Adjusted p-Value

PT (s) 13 (3) 13 (3) 0.960 1
PTT (s) 30 (6) 28.15 (5) 0.0001 0.004
INR 1.2 (0.2) 1.2 (0.2) 0.901 1
Glucose (mg/dL) 130 (100) 125.5 (68) 0.588 1
Urea (mg/dL) 40 (44) 42 (94) 0.040 1
Creatinine (mg/dL) 0.9 (0.6) 1.05 (1.8) 0.114 1
LDH (U/L) 347 (180) 400 (292) 0.003 0.123
TB (mg/dL) 0.8 (0.5) 0.95 (0.6) 0.154 1
DB (mg/dL) 0.4 (0.2) 0.4 (0.3) 0.347 1
IB (mg/dL) 0.5 (0.3) 0.5 (0.3) 0.293 1
AST (IU/L) 28 (23) 45 (25) <0.0001 <0.0001
ALT (IU/L) 24 (26) 40 (21) <0.0001 0.0003
CPK (IU/L) 127 (160) 178.5 (284) 0.009 0.369
CK-MB (IU/L) 20 (23) 29 (32.3) 0.007 0.287
BNP (pg/mL) 50 (92.5) 67 (150) 0.212 1
MYO (ng/mL) 200 (162) 236 (200) 0.200 1
Na (mmol/L) 138 (6) 137 (5) 0.072 1
K (mmol/L) 4.5 (0.7) 4.5 (0.51) 0.878 1
Cl (mmol/L) 99 (2) 100 (3) 0.001 0.041
APRI 0.25 (0.26) 0.41 (0.36) <0.0001 0.0001
ANRI 4.09 (4.2) 5.53 (4.17) 0.0003 0.012
NLR 6 (6.51) 10.38 (8.7) <0.0001 <0.0001
PLR 252.63 (255.02) 343.57 (270.8) <0.0001 0.0004
SII 1730.11 (2489) 3030.62 (3333.93) <0.0001 <0.0001
LGI 76.05 (84.11) 72.35 (44.17) 0.720 1
LDH/LR 0.3 (0.297) 0.517 (0.356) <0.0001 <0.0001

Data are presented as mean ± standard deviation, median (interquartile range), n (%). p-values were calculated
using Student’s-t test, the Mann–Whitney U test, Chi-squared test, or Fisher’s exact test as appropriate. The bold
values pertain to statistical significance (pcorrected < 0.05). Abbreviations: CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; PT, prothrombin time; PTT, partial thromboplastin time; INR, international
normalized ratio; LDH, lactate dehydrogenase; TB, total bilirubin; DB, direct bilirubin; IB, indirect bilirubin; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CPK, creatinine phosphokinase; CK-MB, creatine
kinase myocardial band; BNP, B-type natriuretic peptide; MYO, myoglobin; Na, sodium; K, potassium; Cl,
chloride; ALRI, aspartate aminotransferase-to-lymphocyte ratio index; APRI, aspartate aminotransferase-to-
platelet ratio index; ANRI, aspartate aminotransferase-to-neutrophil ratio index; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; LGI, leukocyte glucose index;
LDH/LR, lactate dehydrogenase/lymphocyte ratio.

3.5. Correlation between Hematological Parameters and ALRI Levels at Admission in
COVID-19 Patients

Spearman’s rank correlation coefficient was used to determine the correlation between
ALRI and the hematologic parameters that had a significant difference in the comparison of
patients with low and high ALRI levels. Most of the variables showed a weak correlation
(value of r = −0.3 to −0.1 or 0.1 to 0.3). A statistically significant negative correlation was
observed between lymphocytes (r = −0.514 [95% IC −0.604 to −0.410]; p < 0.0001), PTT
(r = −0.265 [95% IC −0.383 to −0.139]; p = 0.0001), and chloride (r = −0.206 [95% IC −0.328
to −0.077]; p = 0.001). ALRI had a moderate correlation (value of r = 0.3 to 0.5) with ALT,
APRI, NLR, PLR, and SII. Also, ALRI had a strong correlation with LDH/lymphocyte ratio
(r = 0.547 [95% IC 0.448 to 0.633]; p < 0.0001) (Figure 3).
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Figure 3. Spearman correlations between ALRI and hematologic parameters in COVID-19 patients.
Scatter plots showing the correlation between ALRI and laboratory variables (data on admission).
Weak correlation (value of r = −0.3 to −0.1 or 0.1 to 0.3); moderate correlation (value of r = −0.5 to −0.3
or 0.3 to 0.5); strong correlation (value of r = −1.0 to −0.5 or 0.5 to 1). Spearman’s rank correlation
coefficient was used to evaluate the correlations. A p-value < 0.05 was considered statistically
significant. Abbreviations: PTT, partial thromboplastin time; LDH, lactate dehydrogenase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CPK, creatinine phosphokinase; CK-MB,
creatine kinase myocardial band; Cl, chloride; ALRI, aspartate aminotransferase-to-lymphocyte ratio
index; APRI, aspartate aminotransferase-to-platelet ratio index; ANRI, aspartate aminotransferase-to-
neutrophil ratio index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SII,
systemic immune-inflammation index; LDH/LR, lactate dehydrogenase/lymphocyte ratio.

4. Discussion

This study reported data from 225 patients consecutively admitted with COVID-19
at one tertiary hospital in Mexico. Of these, 81 (36%) patients did not survive during
hospitalization. Dessie and Zewotir suggested that the mortality rate of COVID-19 ranges
from 3.14 to 61.51% [3]. Demographic data show that non-surviving COVID-19 patients are
significantly older than COVID-19 survivors; in a previous report, COVID-19 mortality was
significantly related to age, with approximate rates of 40% at the age 70+ years [23]. We
found a mean age of 65 ± 12.705 in the non-surviving patients. However, no statistically
significant differences were observed. Although comorbidities such as diabetes, hyper-
tension, chronic kidney disease (CKD), chronic obstructive pulmonary disease (COPD),
and cardiovascular disease each increased the risk of mortality [24], in our study, these
variables were not associated with COVID-19 mortality.

On the other hand, a decrease in blood platelet count and an increase in leukocytes
and neutrophils have been associated with mortality in patients with COVID-19 [5,6]. Our
results showed no significant differences in the mean or median regarding the platelet,
leukocyte, and neutrophil concentrations of the non-surviving and surviving patients. In
contrast, the median value of lymphocytes was significantly lower in non-surviving than
in surviving patients, as previously reported [6]. PTT and AST had statistical significance
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between groups (pcorrected < 0.05), as reported by Mahdavi et al., Hodges et al., and Ding
et al. [12,25,26]. However, this study could not use lymphocytes, PTT, and AST as potential
diagnostic tools because their sensitivity or specificity was <50% (i.e., no better than
chance) [27]. Other reports have identified NLR (>9.1) [7], PLR (356.6) [28], SII (1835) [8],
LDH/lymphocyte ratio (0.21) [9] as independent risk factors for COVID-19 mortality. Our
study’s best cut-off points for NLR, SII, and LDH/lymphocyte ratio were >9.25, >362.5,
>1857, and >0.369, respectively. NLR, SII, and LDH/lymphocyte ratio were not predictors of
mortality despite a statistically significant AUC. Interestingly, PLR was also not a predictor
of mortality in this study. These results on PLR and SII in COVID-19 mortality agree with
that of previous reports [7,29]. Some studies that have reported an association between PLR
and COVID-19 mortality included patients with thrombocytopenia, generating a confusion
variable [4,30]. Furthermore, the results of a meta-analysis performed by Sarker et al.
suggest that the prognostic value of PLR is heterogeneous and low-quality evidence [31].

Regarding liver enzyme-derived ratios, ANRI and APRI had no statistically significant
difference between the study groups (pcorrected ≥ 0.05). ANRI and APRI were also excluded
from the univariate Cox regression analysis. Therefore, the liver enzyme-derived ratios
analyzed in this study show little relevance (ANRI and APRI), except ALRI. Interestingly,
APRI > 0.64 on admission was associated with severe COVID-19, whereas ALRI > 24.1 was
not accepted as an independent risk factor for severe cases of COVID-19 [11]. In contrast,
we found that ALRI > 42.42 could predict COVID-19 mortality. Hence, the role of ALRI as
a predictor may depend on disease progression.

NLR, LDH/lymphocyte ratio, and ALRI showed a superior prognostic possibility for
mortality with specificity and sensitivity > 60%. Kaplan–Meier survival curves obtained
with best cut-off values obtained from ROC curves demonstrated that mortality was sig-
nificantly associated with lymphocytes, PTT, AST, ALRI, NLR, SII, and LDH/lymphocyte
ratio. Nevertheless, only the ALRI remained associated with mortality after multivariate
Cox regression analysis.

ALRI includes one liver enzyme (AST) and one peripheral blood parameter (lympho-
cytes), comprehensively summarizing the balance of liver inflammation (the organ most
susceptible to SARS-CoV-2 infection [32]) and host immune response. ALRI (>18.734) is
related to a poor prognosis in hepatocellular carcinoma patients after hepatectomy [13]. In
our study, the ALRI values in non-surviving patients were significantly higher than that
in the surviving patients. Additionally, ALRI > 42.42 was identified as an independent
risk factor (HR = 2.32, 95% CI: 1.35–3.97; pcorrected = 0.01) for COVID-19 mortality. Because
there are no studies on the relationship between ALRI and COVID-19 mortality, we hy-
pothesized that liver abnormalities in COVID-19 (association between early AST elevation
and COVID-19 mortality), secondary to inflammation during SARS-CoV-2 infection [12]
and lymphopenia (linked to the ability of SARS-CoV-2 to infect T cells [33]), could be an
indicator of poor prognosis in COVID-19 patients [6] and suggest the relevance of ALRI
increase in predicting patient mortality. Data from the COVID-19 Lombardy ICU Network
in Italy show that age is the ultimate risk factor for COVID-19 mortality [34]. However,
our study suggests that ALRI (>42.42) could be another risk factor for COVID-19 mortality
compared to age (>61 years) upon admission in the Mexican population.

In our study, the patients with higher ALRI values were associated with increased
values of ALT, chloride, APRI, ANRI, NLR, PLR, SII, and LDH/lymphocyte ratio. The
association between these hematologic parameters and higher ALRI values requires fur-
ther investigation. Interestingly, we found that ALRI levels showed significant positive
moderate/strong correlations with ALT, APRI, NLR, PLR, SII, and LDH/lymphocyte ratio,
indicating its potential value in evaluating COVID-19 mortality. Therefore, a combination
of these inflammatory biomarkers may be beneficial for assessing and managing patients
with COVID-19.

The present study has some limitations that need to be addressed. First, this study
was a retrospective, single-center study with a relatively small sample size, which may
affect the generalization of the results due to the enrollment limitations of enrolled patients.
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Nevertheless, these results could be compared to other studies with a similar number of
patients to determine clinical predictors for COVID-19 outcomes [35–37]. The results of this
study should be validated via comparison with other studies or future efforts focused on
prospective analyses to strengthen our understanding of the utility of ALRI. The second
limitation of this study is that most of the studies on NLR, PLR, LDH/lymphocyte ratio, and
SII are retrospective and from Asian countries; thus, the comparisons made in this study
may not have been strong enough. On the other hand, our study has some strengths, namely
(a) it demonstrates the predictive prognostic value of ALRI independently of comorbidities
and (b) to the best of our knowledge, this study is the first to determine the prognostic
role of ALRI compared with other biomarkers in a COVID-19 cohort free of confounders
affecting the count of hematologic parameters and liver enzymes. Furthermore, we applied
Bonferroni correction, a stringent procedure, to discard the slightly significant variables.
Although comparing the strength of different ratios with the same divisor (lymphocyte
count) makes little sense, we decided to evaluate which of all these ratios is a better
predictor of COVID-19 mortality.

5. Conclusions

In summary, our study suggests that ALRI at admission is a biomarker of mortal-
ity in COVID-19 patients. Although the cut-off value of ALRI is yet to be standardized,
the prognostic role of ALRI in COVID-19 mortality is promising. Assessing this enzy-
matic/hematologic parameter may help to identify patients with a high risk of mortality.
Early medical intervention for high-risk patients may reduce the fatality rate associated
with this disease.
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Kalkan, E.A.; et al. Predictive values of biochemical markers as early indicators for severe COVID-19 cases in admission. Future
Virol. 2021, 16, 353–367. [CrossRef]

12. Ding, Z.-Y.; Li, G.-X.; Chen, L.; Shu, C.; Song, J.; Wang, W.; Wang, Y.-W.; Chen, Q.; Jin, G.-N.; Liu, T.-T.; et al. Association of liver
abnormalities with in-hospital mortality in patients with COVID-19. J. Hepatol. 2021, 74, 1295–1302. [CrossRef] [PubMed]

13. Liu, K.; Lv, Y.; Niu, Y.; Bu, Y. Prognostic value of γ-glutamyl transpeptidase to albumin ratio combined with aspartate aminotrans-
ferase to lymphocyte ratio in patients with hepatocellular carcinoma after hepatectomy. Medicine 2020, 99, e23339. [CrossRef]
[PubMed]

14. Jin, J.; Zhu, P.; Liao, Y.; Li, J.; Liao, W.; He, S. Elevated preoperative aspartate aminotransferase to lymphocyte ratio index as an
independent prognostic factor for patients with hepatocellular carcinoma after hepatic resection. Oncotarget 2015, 6, 19217–19227.
[CrossRef] [PubMed]

15. Fu, J.; Kong, J.; Wang, W.; Wu, M.; Yao, L.; Wang, Z.; Jin, J.; Wu, D.; Yu, X. The clinical implication of dynamic neutrophil to
lymphocyte ratio and D-dimer in COVID-19: A retrospective study in Suzhou China. Thromb. Res. 2020, 192, 3–8. [CrossRef]
[PubMed]

16. Yang, A.P.; Liu, J.; Tao, W.; Li, H. The diagnostic and predictive role of NLR, d-NLR and PLR in COVID-19 patients. Int.
Immunopharmacol. 2020, 84, 106504. [CrossRef]

17. Ramos-Hernández, W.M.; Soto, L.F.; Del Rosario-Trinidad, M.; Farfan-Morales, C.N.; De Jesús-González, L.A.; Martínez-Mier, G.;
Osuna-Ramos, J.F.; Bastida-González, F.; Bernal-Dolores, V.; Del Ángel, R.M.; et al. Leukocyte glucose index as a novel biomarker
for COVID-19 severity. Sci. Rep. 2022, 12, 14956. [CrossRef]

18. Zou, K.H.; O’Malley, A.J.; Mauri, L. Receiver-Operating Characteristic Analysis for Evaluating Diagnostic Tests and Predictive
Models. Circulation 2007, 115, 654–657. [CrossRef]

19. Youden, W.J. Index for rating diagnostic tests. Cancer 1950, 3, 32–35. [CrossRef]
20. Kaplan, E.L.; Meier, P. Nonparametric Estimation from Incomplete Observations. J. Am. Stat. Assoc. 1958, 53, 457–481. [CrossRef]
21. Peto, R.; Pike, M.C.; Armitage, P.; Breslow, N.E.; Cox, D.R.; Howard, S.V.; Mantel, N.; McPherson, K.; Peto, J.; Smith, P.G. Design

analysis of randomized clinical trials requiring prolonged observation of each patient, I.I. Analysis and examples. Br. J. Cancer
1977, 35, 1–39. [CrossRef]

22. Cox, D.R. Regression Models and Life-Tables. J. R. Stat. Soc. Ser. B 1972, 34, 187–202. [CrossRef]
23. Polidori, M.C.; Sies, H.; Ferrucci, L.; Benzing, T. COVID-19 mortality as a fingerprint of biological age. Ageing Res. Rev. 2021,

67, 101308. [CrossRef] [PubMed]

https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/31986264
https://doi.org/10.1007/s11427-020-1637-5
https://www.ncbi.nlm.nih.gov/pubmed/32009228
https://doi.org/10.1186/s12879-021-06536-3
https://www.ncbi.nlm.nih.gov/pubmed/34418980
https://www.tandfonline.com/doi/abs/10.1080/16078454.2020.1833435
https://doi.org/10.1007/s13167-020-00208-z
https://www.frontiersin.org/articles/10.3389/fmed.2022.916453
https://www.frontiersin.org/articles/10.3389/fmed.2022.916453
https://doi.org/10.3389/fmed.2022.916453
https://doi.org/10.3390/diagnostics12010122
https://doi.org/10.3390/molecules25235725
https://doi.org/10.1016/j.jiph.2020.09.009
https://doi.org/10.1016/j.amjms.2021.04.006
https://doi.org/10.2217/fvl-2020-0319
https://doi.org/10.1016/j.jhep.2020.12.012
https://www.ncbi.nlm.nih.gov/pubmed/33347952
https://doi.org/10.1097/MD.0000000000023339
https://www.ncbi.nlm.nih.gov/pubmed/33235099
https://doi.org/10.18632/oncotarget.4265
https://www.ncbi.nlm.nih.gov/pubmed/26057470
https://doi.org/10.1016/j.thromres.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32407937
https://doi.org/10.1016/j.intimp.2020.106504
https://doi.org/10.1038/s41598-022-18786-5
https://doi.org/10.1161/CIRCULATIONAHA.105.594929
https://doi.org/10.1002/1097-0142(1950)3:1%3C32::AID-CNCR2820030106%3E3.0.CO;2-3
https://doi.org/10.1080/01621459.1958.10501452
https://doi.org/10.1038/bjc.1977.1
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1016/j.arr.2021.101308
https://www.ncbi.nlm.nih.gov/pubmed/33621704


Microorganisms 2023, 11, 2894 14 of 14

24. Singh, A.K.; Gillies, C.L.; Singh, R.; Singh, A.; Chudasama, Y.; Coles, B.; Seidu, S.; Zaccardi, F.; Davies, M.J.; Khunti, K. Prevalence
of co-morbidities and their association with mortality in patients with COVID-19: A systematic review and meta-analysis. Diabetes
Obes. Metab. 2020, 22, 1915–1924. [CrossRef]

25. Mahdavi, M.; Choubdar, H.; Zabeh, E.; Rieder, M.; Safavi-Naeini, S.; Jobbagy, Z.; Ghorbani, A.; Abedini, A.; Kiani, A.; Khan-
larzadeh, V.; et al. A machine learning based exploration of COVID-19 mortality risk. PLoS ONE 2021, 16, e0252384. [CrossRef]
[PubMed]

26. Hodges, G.; Pallisgaard, J.; Olsen, A.M.S.; McGettigan, P.; Andersen, M.; Krogager, M.; Kragholm, K.; Køber, L.; Gislason, G.H.;
Torp-Pedersen, C.; et al. Association between biomarkers and COVID-19 severity and mortality: A nationwide Danish cohort
study. BMJ Open 2020, 10, e041295. [CrossRef] [PubMed]

27. Smith, C.J. Diagnostic tests (1)—sensitivity and specificity. Phlebology 2012. Published online. [CrossRef] [PubMed]
28. Simon, P.; Le Borgne, P.; Lefevbre, F.; Cipolat, L.; Remillon, A.; Dib, C.; Hoffmann, M.; Gardeur, I.; Sabah, J.; Kepka, S.; et al.

Platelet-to-Lymphocyte Ratio (PLR) Is Not a Predicting Marker of Severity but of Mortality in COVID-19 Patients Admitted to the
Emergency Department: A Retrospective Multicenter Study. J. Clin. Med. 2022, 11, 4903. [CrossRef]

29. Regolo, M.; Vaccaro, M.; Sorce, A.; Stancanelli, B.; Colaci, M.; Natoli, G.; Russo, M.; Alessandria, I.; Motta, M.; Santangelo,
N.; et al. Neutrophil-to-Lymphocyte Ratio (NLR) Is a Promising Predictor of Mortality and Admission to Intensive Care Unit of
COVID-19 Patients. J. Clin. Med. 2022, 11, 2235. [CrossRef]

30. Eslamijouybari, M.; Heydari, K.; Maleki, I.; Moosazadeh, M.; Hedayatizadeh-Omran, A.; Vahedi, L.; Ghasemian, R.; Sharifpour,
A.; Alizadeh-Navaei, R. Neutrophil-to-Lymphocyte and Platelet-to-Lymphocyte Ratios in COVID-19 Patients and Control Group
and Relationship with Disease Prognosis. Caspian J. Intern. Med. 2020, 11 (Suppl. 1), 531–535. [CrossRef]

31. Sarkar, S.; Kannan, S.; Khanna, P.; Singh, A.K. Role of platelet-to-lymphocyte count ratio (PLR), as a prognostic indicator in
COVID-19: A systematic review and meta-analysis. J. Med. Virol. 2022, 94, 211–221. [CrossRef]

32. Wanner, N.; Andrieux, G.; Badia-i-Mompel, P.; Edler, C.; Pfefferle, S.; Lindenmeyer, M.T.; Schmidt-Lauber, C.; Czogalla, J.; Wong,
M.N.; Okabayashi, Y.; et al. Molecular consequences of SARS-CoV-2 liver tropism. Nat. Metab. 2022, 4, 310–319. [CrossRef]
[PubMed]

33. Chan, A.S.; Rout, A. Use of Neutrophil-to-Lymphocyte and Platelet-to-Lymphocyte Ratios in COVID-19. J. Clin. Med. Res. 2020,
12, 448–453. [CrossRef] [PubMed]

34. Grasselli, G.; Zangrillo, A.; Zanella, A.; Antonelli, M.; Cabrini, L.; Castelli, A.; Cereda, D.; Coluccello, A.; Foti, G.; Fumagalli,
R.; et al. Baseline Characteristics and Outcomes of 1591 Patients Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy
Region, Italy. JAMA 2020, 323, 1574–1581. [CrossRef] [PubMed]

35. Gu, Y.; Wang, D.; Chen, C.; Lu, W.; Liu, H.; Lv, T.; Song, Y.; Zhang, F. PaO2/FiO2 and IL-6 are risk factors of mortality for intensive
care COVID-19 patients. Sci. Rep. 2021, 11, 7334. [CrossRef] [PubMed]

36. Song, C.Y.; Xu, J.; He, J.Q.; Lu, Y.Q. Immune dysfunction following COVID-19, especially in severe patients. Sci. Rep. 2020,
10, 15838. [CrossRef] [PubMed]

37. Xu, J.B.; Xu, C.; Zhang, R.B.; Wu, M.; Pan, C.K.; Li, X.J.; Wang, Q.; Zeng, F.F.; Zhu, S. Associations of procalcitonin, C-reaction
protein and neutrophil-to-lymphocyte ratio with mortality in hospitalized COVID-19 patients in China. Sci. Rep. 2020, 10, 15058.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/dom.14124
https://doi.org/10.1371/journal.pone.0252384
https://www.ncbi.nlm.nih.gov/pubmed/34214101
https://doi.org/10.1136/bmjopen-2020-041295
https://www.ncbi.nlm.nih.gov/pubmed/33268425
https://doi.org/10.1258/phleb.2012.012J05
https://www.ncbi.nlm.nih.gov/pubmed/22956651
https://doi.org/10.3390/jcm11164903
https://doi.org/10.3390/jcm11082235
https://doi.org/10.22088/cjim.11.0.531
https://doi.org/10.1002/jmv.27297
https://doi.org/10.1038/s42255-022-00552-6
https://www.ncbi.nlm.nih.gov/pubmed/35347318
https://doi.org/10.14740/jocmr4240
https://www.ncbi.nlm.nih.gov/pubmed/32655740
https://doi.org/10.1001/jama.2020.5394
https://www.ncbi.nlm.nih.gov/pubmed/32250385
https://doi.org/10.1038/s41598-021-86676-3
https://www.ncbi.nlm.nih.gov/pubmed/33795768
https://doi.org/10.1038/s41598-020-72718-9
https://www.ncbi.nlm.nih.gov/pubmed/32985562
https://doi.org/10.1038/s41598-020-72164-7

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Data Collection 
	Variables 
	Outcome Variable: Mortality 
	Exposure Variable: ALRI 
	Other Variables 

	Statistical Analysis 

	Results 
	Clinical Characteristics of the Study Subjects 
	Use of the Best Cut-Off Values of Hematologic Parameters to Discern COVID-19 Mortality 
	Analysis of the Association of Hematologic and Enzymatic Parameters with COVID-19 Mortality 
	Demographic, Clinical, and Hematological Characteristics of COVID-19 Patients Stratified According to ALRI Values 
	Correlation between Hematological Parameters and ALRI Levels at Admission in COVID-19 Patients 

	Discussion 
	Conclusions 
	References

