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Summary

Introduction. The liver is an organ that is affected by mul-
tiple mechanisms in the presence of COVID-19. The aim of
this study was to determine whether elevated alanine amino-
transferase, aspartate aminotransferase and total bilirubin
levels are predictors of mortality in adults with COVID-19.
Materials and methods. Retrospective cobort study of
adults hospitalized between 2020 and 2022 ar a university
hospital in Bogotd for COVID-19 and hypoxemia. All-cause
mortality was the primary outcome. An independent multi-
variate model was built for each of the following markers of
liver injury: alanine aminotransferase, aspartate aminotrans-
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ferase and total bilirubin. Each model was adjusted by age,
presence of diabetes mellitus, presence of fever during hospi-
talization, lymphocyte count, D-dimer and lactate dehydro-
genase. Results. A total of 704 patients were included. The
mortality rate was 38%. Elevated alanine aminotransferase,
aspartate aminotransferase and total bilirubin levels on ad-
mission were reported in 64%, 64% and 8.3% of patients,
respectively. According to the multivariate analysis, the el-
evation of both aspartate aminotransferase (OR = 1.06,
95% CI: 1.02-1.11 for each 40 U/L increase, p - value
= 0.009) and total bilirubin levels (OR = 1.26, 95% CI:
1.08 -1.47 for every rise in Img/dl, p - value = 0.003) were
independently associated with death. Total bilirubin level
was also associated with intensive care unit admission, need
for invasive mechanical ventilation, and length of hospital
stay. The results for alanine aminotransferase did not al-
low us to conclude an independent association with death.
Age, fever and lowest lymphocyte count during hospitaliza-
tion were also associated with death. Conclusion. Elevated
transaminases and total bilirubin levels are frequent find-
ings in patients with COVID-19 and hypoxemia. Aspar-
tate aminotransferase and total bilirrubin were predictive of
mortality in these patients, so their measurement on admis-
sion is a reasonable practice. Progress needs to be made in in-
corporating these markers into predictive models of mortality
and clinical decision rules.
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Elevacion de los niveles de transami-
nasas y bilirrubina total como marca-
dores prondsticos de mortalidad en
adultos hospitalizados por COVID-19.
Un estudio de cohorte

Resumen

Introduccion. El higado es un drgano que se ve afectado
por miiltiples mecanismos en presencia de COVID-19. El
objetivo de este estudio fue determinar si los niveles elevados
de alanina aminotransferasa, aspartato aminotransferasa y
bilirrubina total son predictores de mortalidad en adultos
con COVID-19. Materiales y métodos. Estudio de cohorte
retrospectivo de adultos hospitalizados entre 2020 y 2022
en un hospital universitario de Bogotd por COVID-19 e
hipoxemia. La mortalidad por todas las causas fue el re-
sultado primario. Y se construyd un modelo multivariado
independiente para cada uno de los siguientes marcadores
de lesion hepdtica: alanina aminotransferasa, aspartato
aminotransferasa y bilirrubina total. Cada modelo se ajusté
por edad, presencia de diabetes mellitus, presencia de fiebre
durante la hospitalizacion, recuento de linfocitos, dimero D
y lactato deshidrogenasa. Resultados. Se incluyé a un to-
tal de 704 pacientes. La tasa de mortalidad fue del 38%.
Los niveles elevados de alanina aminotransferasa, aspartato
aminotransferasa y bilirrubina total al ingreso se registraron
en el 64%, 64% y 8,3% de los pacientes, respectivamente.
Segiin el andlisis multivariado, la elevacion de los niveles
de aspartato aminotrasferasa (OR = 1.06; IC 95%: 1.02 -
1.11 por cada aumento de 40 U/L, valor de p = 0.009) y
de bilirrubina total (OR = 1.26, IC 95%: 1.08 -1.47 por
cada aumento de 1mg/dl, valor de p = 0.003) se asociaron de
forma independiente con la muerte. El nivel de bilirrubina
total también se asocid con el ingreso en la unidad de cuida-
dos intensivos, la necesidad de ventilacion mecdnica invasiva
y la duracion de la estancia hospitalaria. Los resultados de
la alanina aminotransferasa no permitieron concluir una
asociacion independiente con la muerte. La edad, la fiebre
y el recuento mds bajo de linfocitos durante la hospitaliza-
cidén también se asociaron con la muerte. Conclusién. Los
niveles elevados de transaminasas y bilirrubina total son ha-
llazgos frecuentes en pacientes con COVID-19 e hipoxemia.
La aspartato aminotransferasa y la bilirrubina total fueron
predictoras de mortalidad en estos pacientes, por lo que su
medicion al ingreso es una prictica razonable. Es necesario
avanzar en la incorporacion de estos marcadores en modelos
predictivos de mortalidad y en reglas de decision clinica.

Palabras claves. COVID-19, mortalidad, pruebas de fun-

cidn hepdtica, transaminasas, bilirrubina, prondstico.

Abbreviations

ALT: Alanine aminotransferase.

AST: Aspartate aminotransferase.

TB: Total bilirubin.

HUN: Hospital Universitario Nacional.
LDH: Lactate dehydrogenase.

ICU: Intensive care unit.

OR: Odds Ratio.

CI: Confidence interval.

Introduction

COVID-19 is a disease with a strong public health
impact that has weakened health care systems and led to
an increase in all-cause mortality." The natural history of
COVID-19 has been continuously elucidated since it was
first described in 2019, but to date there is no complete
description of this disease. In particular, its clinical fea-
tures and predictors of poor prognosis are aspects that
have been partially studied.?

Liver damage and abnormal liver function tests occur
in 20% to 70% of people with COVID-19. However,
they are mild to moderate in most cases.>* Although the
presence of liver injury in COVID-19 patients has not
been described as a causal factor of severe outcomes, liver
is an organ that may reflect the pathogenic mechanisms of
SARS-CoV-2 infection.>® Given the above, liver function
tests could be considered as potential prognostic markers
of morbidity and mortality in COVID-19.7*

Obtaining accurate prognostic information may help
improve the management of patients with COVID-19.
However, the validity of liver injury as a prognostic factor
in these patients is not entirely clear, as published stud-
ies have reported contradictory data.*'° The aim of the
present study was to determine whether alanine amino-
transferase (ALT), aspartate aminotransferase (AST) and
total bilirubin (TB) levels are independent predictors of
mortality in adults hospitalized for COVID-19.

Materials and Methods

This was a retrospective cohort study conducted
at Hospital Universitario Nacional (HUN), a private qua-
ternary care hospital in Bogota, Colombia. HUN is a
teaching hospital that provides health care to adult pa-
tients who have health insurance plans. The hospital does
not have an emergency department, so most inpatients
are referred from other health care facilities. The sam-
pling frame consisted of all patients admitted to the hos-
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pital between March 1, 2020 and May 31, 2022. Simple
random sampling without replacement was used.'" Inclu-
sion criteria were the presence of COVID-19 and hypox-
emia. Exclusion criteria are listed in Table S1.

The following data were collected: age, sex, weight,
height, presence of comorbidities, presence of fever, lowest
lymphocyte count during hospitalization, blood chemistry
tests on admission (lactate dehydrogenase - LDH, D-di-
mer and alkaline phosphatase levels). In addition, admis-
sion ALT, AST and TB levels (defined as levels obtained
in liver function tests performed within the first 72 hours
of admission), and the highest ALT, AST and TB levels
during hospitalization (peak values) were collected. Final-
ly, information about in-hospital mortality (primary out-
come) and length of hospital stay, need for intensive care
unit (ICU) admission and need for invasive mechanical
ventilation (secondary outcomes) were collected.

Statistical analysis and sample size

The mortality (primary outcome) reported in the
first 187 patients with COVID-19 enrolled in HUN
(15.9%) was used to determine the sample size. Using
the normal approximation to the binomial distribution
of the outcome and taking into account the frequency
of the primary outcome mentioned above, an OR of
1.75 as the minimum detectable effect, a statistical pow-
er of 80%, a loss rate of up to 10% and an alpha error
for a significance level of 0.05 (two-tailed test), a sample
size of 698 patients was calculated.

Data are described using absolute frequencies and
percentages for qualitative variables, and medians and
interquartile ranges for quantitative variables, as the data
showed a non-normal distribution. The normality of the
data was assessed using histogram analysis and the Shap-
iro-Wilk test. Outliers were also identified.

Inferential analysis was performed by hypothesis test-
ing for both the primary outcome (death) and secondary
outcomes. Exploratory bivariate analysis was performed
using the chi-square test or Fisher's exact test for categor-
ical variables (all non-ordinal), and the Wilcoxon rank
sum test for quantitative variables.

For multivariate analysis, adjustment variables were
selected based on the analysis of pathogenic and patho-
physiological mechanisms in COVID-19 leading to
death and liver injury. These variables were analyzed by a
directed acyclic graph (Figure S1) and the those defined
as the minimal variables necessary for control of con-
founding were selected using the online tool DAGitty.'?
In addition, the evidence supporting these covariables as
independent prognostic factors for mortality was consid-
ered as a second criterion for the selection of variables.
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Thus, age,"” presence of diabetes mellitus,'*"> presence

of fever during hospitalization,'®'® lowest lymphocyte
count during hospitalization,'** D-dimer level on ad-
mission*"?> and LDH level on admission were selected as
adjustment variables.”** Body mass index was not con-
sidered because a high proportion of participants (38%)
did not have this information recorded.

A logistic regression model was then constructed
for dichotomous response variables for the primary
outcome (death) and secondary outcomes (ICU ad-
mission and need for invasive mechanical ventilation).
Multiple linear regression was performed for the out-
come of length of stay. The regression was modeled in-
dependently for each of the three variables of interest
(ALT, AST and TB levels at their highest value during
hospitalization) along with the six adjustment variables
mentioned above and the Odds Ratio (OR) was calcu-
lated. A level of significance of 0.05 was considered in
all cases. Data imputation (for n=704) was used in the
multivariate analysis, but a sensitivity analysis was also
performed using only patients with complete data. The
rejection of the null hypothesis in both models (with
data imputation and sensitivity analysis) was used as the
acceptance criterion for the association between bio-
marker and outcome; if this criterion was not met, the
association was considered inconclusive.

The imputation procedure was performed using mul-
tiple data imputation under the assumption of missing at
random (MAR). The calculation was performed for 10
imputed data sets using the normal multiple regression
method, assuming a normal distribution of the data. Data
imputation was performed for the following variables:
AST, ALT and total bilirubin levels during hospitaliza-
tion, lowest lymphocyte count during hospitalization,
D-dimer level at admission, and LDH level at admission.

Data were collected and managed using the REDCap
data capture software tool, and data analysis was carried
out using STATA software version 17.0 (StataCorp LLC,
College Station, TX, USA).

The study was approved by the HUN Ethics Com-
mittee. It was conducted in accordance with the tenets
of the Declaration of Helsinki. Data were collected from
medical records and patient anonymity was maintained
at all times. It is also presented in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) recommendations for report-
ing cohort studies.*

Results

A total of 1019 patients were evaluated for eligibil-
ity. Of these, 704 were included in the study. The pa-
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tient selection process, including reasons for exclusion,
is shown in Figure 1. Descriptive data of the sample are
presented in Table 1 and Supplementary Table S2. The
median age of the participants was 61 years (interquar-
tile range [IQR]: 50 - 69.5 years), and 66.6% were men.
Hypertension (41.6%) and diabetes mellitus (20.2%)

were the most frequent comorbidities. The median time
from symptom onset to consultation was 7 days (IQR:
4 - 9) and the median length of hospital stay was 10 days
(IQR: 6 - 17). Furthermore, 60.7% were admitted to
the ICU, 48.1% required invasive mechanical ventila-
tion and 38.5% died.

Figure 1. Flowchart of the patient selection process. Information on the reasons for exclusion and the total number of patients

included for analysis is also presented

Patients considered for eligibility p
n=1019 Patients Excluded (n = 315)
¢ Absence of hypoxemia: 164
e Nosocomial infection: 33
M Presence of a condition more severe than COVID-19 conditioning the
patient's prognosis: 31
e Negative result in the SARS-CoV-2 diagnostic test or absence of result: 27
- ¢ Not having a medical record in the hospital: 23
Total patients selected *Onset of symptoms more than 20 days before admission: 14
=704 e Death within 48 hours of admission: 7
e Patient referred to another hospital or early discharge: 7
e History of cirrhosis: 3
e Having been diagnosed with SARS-CoV-2 infection more than 20 days
before hospital admission: 3
e Hospitalization time < 24 hours: 2
v eBeing younger than 18 years: 1
Patients that were included in the study ~
n=704 l l
l Patients who survived Patients who died
Sensibility analysis n=433 n=271
ALT: n =555
AST n =559
Total bilirubin n = 580

Table 1. Descriptive statistics of the sample and results of the bivariate analysis performed to determine the association bet-
ween death (primary outcome) and sociodemographic, clinical, and laboratory results variables

Variable Missing Data Entire Cohort Death (NO) Death (YES) p - value (bivariate
analyses for death)
Sociodemographic Characteristics and History of Disease
Age [years] 0/704 (0%) 61 (RIQ: 50 - 69.5) 57 (RIQ: 46 - 66) 66 (RIQ: 57 - 74) p < 0.0001
Sex [male] 0/704 (0%) 469 (66.62%) 280 (64.67%) 189 (69.74%) p=0.165
High blood pressure 0/704 (0%) 293 (41.62%) 170 (38.80%) 125 (46.13%) p=0.055
Coronary heart disease 0/704 (0%) 35 (4.97%) 16 (3.70%) 19 (7.01%) p=0.049
Heart failure 0/704 (0%) 28 (3.98%) 16 (3.70%) 12 (4.43%) p=0.628
Cerebrovascular disease 0/704 (0%) 13 (1.85%) 7 (1.62%) 6 (2.21%) p=0.567
COPD 0/704 (0%) 49 (6.96%) 24 (5.54%) 25 (9.23%) p=0.062
Immunosuppression 0/704 (0%) 29 (4.12%) 14 (3.23%) 15 (5.54%) p=0.135
T2DM 0/704 (0%) 142 (20.17%) 75 (17.32%) 67 (24.72%) p=0.017
Active cancer 0/704 (0%) p=0.202
Yes, active 7 (0.99%) 2 (0.46%) 5 (1.85%)
Yes, of unknown activity 9 (1.28%) 6 (1.39%) 3(1.11%)
No or in remission 688 (97.73%) 425 (98.15%) 263 (97.05%)
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Variable Missing Data Entire Cohort Death (NO) Death (YES) p - value (bivariate
analyses for death)

Time-Related Characteristics

Days between symptom 2/704 (0.3%) 7(4-9 7(4-9) 7(5-10) p=0.3616
onset and the consultation

Days between symptom 1/427 (0.2%) 9(7-12) 8(6-11) 9(7-12) p=0.0917
onset and ICU admission

Days between symptom 1/339 (0.3%) 9(7-12) 8.5(6-11) 9(7-12) p=0.1544
onset and intubation

Length of hospital stay (days) 0/704 (0%) 10(6-17) 7(-13) 14(9-19) p<0.0001
Length of ICU stay (days) 0/427 (0%) 11(6-17) 8(3-16) 12(7-17) p<0.0003
Duration of intubation (days) 2/339 (0.6%) 12(8-18) 12.5(8-19) 12(8-17) p= 05235
Clinical Characteristics

Weight [kg] 94/704 (13.4%) 75.5 (68 - 85) 77 (68.7 - 85) 75 (68 - 83) p=0.2620
Height [m] 265/704 (37.6%) 1.65 (DE: 0.10) 1.66 (DE: 0.09) 1.65 (DE: 0.10) p=04638
BMI [kg/m?] 266/704 (37.8%) 27.58 (24.97-31.10)  27.94 (24.98-31.25)  27.35(24.97-30.36)  p= 0.2657
Fever during hospitalization 0/704 (0%) 354 (50.28%) 149 (34.41%) 205 (75.65%) p<0.001
LDH level [U/L] 34/704 (4.8%) 379.8(290.4 - 508) 344 (274 - 434.1) 485(353.3-624)  p<0.0001
'fc"é’ﬁ;’::c'lll’mP“OCVte count 3/704 (0.4%) 500 (300 - 870) 720 (470 - 1110) 300 (200 - 440) p < 0.0001
D-dimer level [ng/ml] 42/704 (6.0%) 636 (348 - 1280) 539 (312 - 1115) 819 (427 - 1519) p < 0.0001
Liver Function Tests

ALT on admission [U/L] 154/704 (21.9%) 48.95(32.3-76.7)  50.55(32.1-80.19)  47.04(33.28-73.41)  p=0.5595
Highest ALT level during 0 _ _ _

hospitalization U] 100/704 (14.2%)  85.47 (48.43 - 147.72) 69.85 (41.91 - 121.83) 108.83 (60.43 - 184.70) p< 0.0001
AST on admission [U/L] 151/704 (21.4%) 48.28(33.47-72)  45.18(30.45-65)  56.6 (38.59- 85.67)  p< 0.0001
Highest AST level during 0 } } }

hospitalization JUA] 96/704 (13.6%) 72.43 (44.51 - 132.57) 53.85 (35.11 - 88.87) 112.95 (69.65 - 190.13)  p< 0.0001
{r‘r’g‘/' d'I’]""“bi" onadmission 444704 (15.8%) 058 (0.41-078)  056(0.41-075  0.61(0.42-084  p=0.0208
Highest total bilirubin level 0 R -

during hospitalization [me/d] 70/704 (9.9%) 0.89 (0.58 - 1.58) 0.68 (0.48 - 1.04) 1.4 (0.9 2.49) p < 0.0001
Alkaline phosphatase on 657/704 (93.3%) 1055 (69.3- 168.3) 1146 (77-171.65)  93.5(56.5-129.3)  p=0.2766

admission [U/L]

Highest alkaline
phosphatase level 612/704 (86.9%) 127 (82.65-225.6)  107.3(76.6 - 169.6)  143.5(88.4 - 275.9) p=0.0310
during hospitalization [U/L]

Outcomes

Admission to the ICU 0/704 (0%) 427 (60.65%)
Invasjve mechanical ventilation 0/704 (0%) 339 (48.15%)
requirement

Death 0/704 (0%) 271 (38.49%)
High-flow nasal cannula

or no-invasive mechanical 1/365 (0.3%) 59 (16.21%)

ventilation requirement

Acronyms: BMI: Body mass index; COPD: Chronic obstructive pulmonary disease; ICU: Intensive Care Unit; IQR: Interquartile range; LDH: Lactate dehydrogenase.

Table 2 shows the proportion of elevated ALT, AST  had severe elevations. On the contrary, only 8.3% of
and TB levels according to different cut-off points. patients had elevated TB levels on admission. Similar-

On admission, more than 60% of patients had el- ly, based on the median ALT, AST and TB levels on
evated AST and ALT levels, but only a few of them admission, the first two were slightly increased, while
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the latter was within the normal range (see Table 1).
In addition, all cases of hyperbilirubinemia were caused
by elevated direct bilirubin levels. The frequency of ele-
vated ALT, AST and TB levels was higher in the group
of patients who were admitted to the ICU (see Supple-
mentary Table S3).

Box plots of these liver injury markers according to

the occurrence of the primary outcome (i.e., death) are
shown in Figure 2. Descriptive analysis suggests that
there were no differences between groups in ALT levels
at admission, but that AST and TB levels were higher
in patients who died. The levels of these three markers
of liver injury during hospitalization were higher in the

group of patients who died. (see Table 1 and Figure 2).

Table 2. Proportion of elevated ALT, AST and TB levels according ro three cut-off points

> 200 U/L (AST and ALT) or
> 1.5 mg/dl (TB)

> 400 U/L (AST and ALT) or
> 3.0 mg/dI (TB)

> 40 U/L (AST and ALT) or
> 1.2 mg/dl (TB)

ALT On admission 350/550 (63.6%)
Highest level during 497/550 (82.3%)
hospitalization

AST On admission 351/553 (63.5%)
Highest level during 481/608 (79.1%)
hospitalization

BT On admission 49/593 (8.3%)
Highest level during 225/634 (35.5%)

hospitalization

30/550 (5.5%) 8/550 (1.5%)
35/604 (16.4%) 35/604 (5.8%)
24/553 (4.4%) 7/553 (1.3%)
80/608 (13.2%) 34/608 (5.6%)
29/593 (4.9%) 6/593 (1.0%)
167/634 (26.3%) 64/634 (10.1%)

Figure 2. Box plots of both levels on admission and highest value during hospitalization of the markers of liver injury
analyzed according to the occurrence of the primary outcome (death)

A - Alanine transaminase

On admission Highest level
Survive Death Survive Death

150— 400-

300~
100-

-
>200-
50—

T 1

uL

C - Total bilirubin

On admission Highest level
Survive Death Survive Death

mg/dl
o
mg/dl
e

L4 7 1

0- 0-

A: ALT; B: AST; C: TB. Note that not all upper peripheral values are shown in order
to facilitate the visualization of the graph.

B - Aspartate aminotransferase

0On admission Highest level
Survive Death Survive Death

150~ 400~

300-
100-

uL

]
>200-

100-

1

The following variables were associated with mortal-
ity in bivariate analysis: age, presence of coronary heart
disease, presence of type 2 diabetes mellitus, presence of
fever during hospitalization, elevated LDH and D-dimer
levels, lowest lymphocyte count during hospitalization,
AST level at admission, TB level at admission, high-
est ALT level during hospitalization, highest AST level
during hospitalization, and highest TB level during hos-
pitalization (see Table 1).

According to the results of multivariate analysis, for
each 40 U/L increase in AST level, there was an OR of
1.06 (95% CI: 1.02-1.11, p - value = 0.009), and for each
Img/dl increase in TB level, an OR of 1.26 (95% CI:

Acta Gastroenterol Latinoam 2024;54(1):42-55
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1.08 - 1.47, p - value = 0.003) in the model in which
data imputation was performed. This finding was consis-
tent with the results of the sensitivity analysis. ALT level
was also significantly associated with mortality in the data
imputation model, with an OR of 1.05 (95% CI: 1.01-
1.09, p - value = 0.011) for each 40 U/L increase. Howev-
er, this association was no longer significant in the model
where the sensitivity analysis was conducted (p - value =
0.121). Similarly, the association was not significant in

Table 3. Multivariate model for the primary outcome (death)

the sensitivity analysis after eliminating outlier data ac-
cording to standardized residuals and residual standard
deviation; there were no leverage values. The models for
each marker met the goodness-of-fit (Hosmer-Lemeshow
> 0.05 in all models) and linearity criteria (STATA link
test with a hatsq p - value > 0.05 in all models); no col-
linearity was found and the data were consistent in the
sensitivity analysis after eliminating outlier residuals. The
results of the multivariate analysis are shown in Table 3.

Variable Multiple imputation (n = 704) Sensitivity analysis (only
patients with complete data)
OR for each 1 U/L (ALT and AST) and OR for each 40 U/L (AST and OR for each 1 U/L (AST and
1mg/dl (bilirubin) [Cl 95%] ALT) [CI 95%] ALT) [C] 95%]
ALT 1.0012 1.05 1.0008
[1.0003 - 1.0022] [1.01-1.09] [0.9998 - 1.0019]
p - value = 0.011 p-value =0.121
(n=555)
AST 1.0015 1.06 1.0030
[1.0004 - 1.0026] [1.02-1.11] [1.0010 - 1.0049]
p - value = 0.009 p - value = 0.003
(n=559)
Total bilirubin 1.26 N.A. 1.25
[1.08 - 1.47] [1.07 - 1.47]
p - value = 0.003 p—value = 0.006
(n=580)

Of the remaining variables in the model, age, pres-
ence of fever during hospitalization and lowest lympho-
cyte count were significantly associated with mortality
(see Supplementary Table S4). Regarding secondary out-
comes, TB was significantly associated with ICU admis-
sion, invasive mechanical ventilation and length of hos-
pital stay. ALT was significantly associated with the need
for invasive mechanical ventilation. No significant associ-
ations were found between AST and any of the secondary
outcome. The models evaluated met the linearity criteria,
no collinearity was found, and they had good discrimina-
tory capacity. Data on the association of AST, ALT and
TB levels with secondary outcomes are shown in Supple-
mentary Table S5.

Discussion

The present study sought to determine the prognos-
tic value of serum AST, ALT and TB levels in predict-
ing death in patients hospitalized for COVID-19. With
a mortality rate of 38%, elevated AST and TB levels
were found to be independently associated with mor-
tality. TB level was also associated with ICU admission,
need for mechanical ventilation, and length of hospital

Acta Gastroenterol Latinoam 2024;54(1):42-55

stay. The results for ALT were inconsistent, so even if
the data reported in this study suggest that there is an
association between mortality and ALT levels in these
patients, it is not possible to draw such a conclusion.

Similarly, it was found that more than 60% of pa-
tients had elevated serum ALT and AST levels on ad-
mission, although in most of them these elevations were
mild. In contrast, only 8% had elevated TB levels on ad-
mission. Reports in the literature regarding the frequen-
cy of elevated levels of these markers are highly variable.
For example, studies have reported that elevated AST
and ALT levels are observed in 10% to 60% and 8% to
60% of patients with severe COVID-19.41%%-28 The fre-
quency of elevated transaminases and TB found in the
present study is higher than that reported in the litera-
ture. This may be explained by the fact that our sample
tended to have a more severe form of the disease. When
we analyze the elevation of ALT, AST and TB levels
according to ICU admission or not, those who were not
admitted to the ICU had levels closer to those reported
by other studies. Ethnic variability in normal values and
the concomitant presence of chronic liver disease could
also explain the differences.
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AST and TB levels were significantly associated with
mortality in the present study, while ALT levels are sug-
gested, but not conclusively, as predictors of death. These
findings are consistent with what has been reported in
some studies, but differ from what has been described in
others. This is explained by the fact that the studies con-
ducted on this topic are highly heterogeneous in terms
of the characteristics of the populations and the quality
of the methodologies used, and therefore the results vary
widely. However, they have tended to show a positive
association between liver injury and the occurrence of ad-
verse outcomes in COVID-19 patients.””!

Meta-analyses of studies on this topic have reported
results supporting the association of liver injury with
death and other adverse outcomes. For example, accord-
ing to the systematic review by Radivojevic ez al., 13 of
the included studies found statistical significance in fa-
vor of considering transaminases as predictors of death.”
These findings are consistent with those described in oth-
er meta-analyses.?’

Liver damage in COVID-19 can be caused directly or
indirectly by the virus.>®* Direct damage is not the most
relevant damage mechanism. On the other hand, indirect
damage seems to be the most important because it in-
volves a mechanism of immune dysfunction that includes
cytokine storm, macro- and micro-thrombotic phenom-
ena, and damage caused by other dysfunctional organs.
Liver injury induced by drugs used in the management of
COVID-19 such as tocilizumab or remdesivir also plays
an important role.>®

Regarding the association between mortality and oth-
er variables, we found a significant association with age
and low lymphocyte count, a finding that has been ex-
tensively reported in the literature. The presence of fever
during hospitalization was also associated with death. In
this regard, some exploratory studies have described the
development of fever during hospitalization as a marker
of severity in COVID-19 patients.'*'® Thus, this finding
suggests that it may be a promising prognostic factor in
this population that requires further research.

Strengths of this study include its sample size and the
fact that it was calculated for a statistical power of 80%
and a pre-defined minimum OR. In addition, the selec-
tion of covariates was based on the COVID-19 mecha-
nisms of injury and prognostic markers reported in the
literature, which strengthens the external validity of the
study. Similarly, the selection of death as the primary
outcome reduced the risk of misclassification bias and
co-intervention bias, which would be higher if outcomes
such as ICU admission or need for invasive mechanical
ventilation would have been chosen as primary outcome.

Regarding its limitations, since the hospital does
not have an emergency department and patients are
referred from other hospitals, the study may have a re-
ferral bias that could affect its external validity, as it is
possible that only patients with severe COVID-19 were
included in the sample. On the other hand, the retro-
spective nature of the study implies several limitations,
including the lack of knowledge about the patients’
history of liver disease such as metabolic steatotic liver
disease, viral hepatitis or alcoholic liver disease, which
are potential confounders that could not be controlled.
The lack of information on medications and other in-
terventions received during hospitalization hinders the
explanatory component of this work. In addition, there
was a non-negligible loss of data. Multiple imputation
was used to address this problem; this strategy seemed
to have a partially acceptable performance, since the
results of the sensitivity analyses were consistent with
those of the imputed data analyses for AST and TB,
but not for ALT.*

Conclusion

Liver injury, as determined by AST, ALT and TB
levels, is highly frequent but mild in hospitalized pa-
tients with severe COVID-19. AST and TB are in-
dependently associated with mortality and should be
considered as prognostic markers for mortality in these
individuals. In addition, ALT is a possible prognostic
marker for mortality. In view of the above, the mea-
surement of AST and TB to evaluate the risk of death
in these patients seems a reasonable practice. In ad-
dition, the usefulness of these markers in predicting
death in COVID-19 is likely to be enhanced if they are
included in a prognostic model validated in different
populations that considers variables that strengthen its
predictive capacity.
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Appendix

Figure S1. Directed acyclic graph used for the selection of the adjustment variables of the model. Organ damage (measured
by means of lactate dehydrogenase level), diabetes mellitus, age, immunothrombosis (measured using D-dimer level), lympho-
penia and obesity were defined as necessary adjustment variables; however, obesity was ruled out due to the high proportion
of missing data for this variable in the sample

other-comorbidities

Sex

immune_dysfunction
age cytokin_storm

lymphopenia other_organ_damage
obesity

immunothrombosis

diabetes_mellitus

® ®©

liver_test_abnormalities death

Table S1. Inclusion and exclusion criteria.

Inclusion criteria:

1) Being older than 18 years;

2) Having a COVID-19 diagnosis confirmed by any: i) a positive result in a RT-PCR; ii) a positive result in an antigen test; iii) imaging findings (CT
scan) compatible with pneumonia plus positive SARS-CoV-2 IgG and/or IgM antibodies;

3) Oxygen saturation level < 88% or the need for oxygen therapy.

Exclusion criteria:

1) Having died within the first 48 hours after admission;

2) Having a total hospitalization time of less than 24 hours or not having required hospitalization at all.

3) Having a history of cirrhosis;

4) Having a health condition different from and not derived from having COVID-19 that had a major impact than that of COVID-19 on the patient's
prognosis;

5 Having had respiratory symptoms for more than 20 days at the time of admission;

6) Having a positive result in a PCR or antigen test for COVID-19 taken 20 or more days before hospital admission;

7) Having a nosocomial SARS-CoV-2 infection, and

8) Unknown outcome due to voluntary discharge without medical indication or referral to another hospital.
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Table S2. Descriptive analysis (central tendency, dispersion, shape and asymmetry) and normality test of quanti-
tative variables

Ext Ext Shapiro
. . .| Inf. " | Sup. © Wilk
n | Mean Median SD | Min Max Range| Q1 Q3 IQR Al Kurtosis out Inf. out. | SuP- i
. . est
out. out.
p-value
Age [years] | 704 5952 61 (1486 20 97 77 | 50 695 195 -0.2423 25688 1 0 0 0  0.00008
Days between
symgrtlzr?c‘fj"set 702 716 7 375 0 19 19 | 4 9 5 05047 30798 0 O 9 0 <0.00001
admission
Days between
Symgrt“é"t‘h‘;““‘ 426 933 9 423/ 0 25 25 7 12 5 |05661 37381 0 O 6 0 0.00002
consultation
Days between
symptomonset 338 932 9 417 0 25 25 7 12 5 05041 35481 0 O 5 0 0.0066
and intubation
Days between
symptomonset 270 2246 22 954 3 | 65 62 16 27 11 12411 59327 0 0 10 2 <0.00001
and death
Length of
hospital stay | 704 1325 10 1146 1 8 8 6 17 11 23374 104192 0 0 40 13 <0.00001
(days)
LengthofICU 457 1264 11 1037 0 57 57 5 17 12 15673 60409 0 O 18 4 <0.00001
stay (days)
Durationof | 337 1411 12 921 0 54 54 8 18 10 14474 57301 0 0 16 3 <0.00001
intubation (days)
Weight [kg] | 610  77.83 755 1616 40 160 120 68 85 17 1.3664 69210 1 0 21 8 <0.00001
Height [m] 439 166 166 010 1.37 196 059 1.6 172 012 -0.0109 3.0016 3 0 4 0 023528
BMI[kg/m3 438 28.57 27.58 5.47 17.79 56.08 38.29 24.97 31.10 613 1.5367 72989 9 9 15 4 <0.00001
LDH [U/L] 670 4543 379.8 623.0 30 15490 15460 290.4 508 217.621.1525508142 0 0 31 9 <0.00001
Lowest
lymphocyte | 701 6554 500 5083 0 3530 3530 300 870 570 1.7036 67219 0 0 | 33 6 <0.00001
count [cell/mcl]
D'd['r'lg‘/*;]'l‘]’"e' 662 1855.5 636 5497.6 72 75365 75293 348 1280 932 8.6267 954693 0 0 73 53 <0.00001
ALT on
admission [u/] | 550 8188 48.95 19149598 3195 318902 323 767 444 12369 181083 0 0 49 28 <0.00001
Highest ALT
level during ' c1 457 45 8547 361.865.98 5200 528402 48.43 147.72 99.29 95293 112719% 0 0 49 31 <0.00001
hospitalization ' ’ ! ’ : ' ' ' ’ ' '
U]
AST on
admission 553 87.30 48.28 353.958.97 6544 653503 33.47 72 3853 159554 2604586 0 @0 = 43 26 <0.00001
U]
Highest AST
level during ' g5 158 17 7243 777.35 8.97 12340 1233103 4451 132.57 88.06 1218651679623 0 O | 55 35 <0.00001
hospitalization ’ ) ’ ' ’ ' ’ ’ ’ ’ ’
UL
Total bilirubin
onadmission | 593 069 058 054 0.1 7.32 7.31 041 078 036 53042 498390 0 0 40 14 <0.00001
[mg/dl]
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Shapiro

Inf Ext. Sup Ext. Wilk

n | Mean Median | SD |Min Max Range Q1 Q3 | IQR Al Kurtosis ouf. Inf. out.' sup. test
out. out. pvalue

Highest total

bilirubinduring 634 147 089 ' 1.83 0.10 18.65 18.64 058 0.89 031 42714 283731 0 0 | 64 34 <0.00001
hospitalization

[mg/di]

Direct bilirubin
on admission 590 | 0.33 | 0.23 | 0.42 0.03| 5.96 593 | 0.15  0.35 | 0.20 6.9083 | 71.9101 0 0 50 | 24 |<0.00001
[mg/dI]

Highest direct

bilirubin during  g33 ' 405 | 041 160 003 1399 1396 0.20 1.12 092 3.7242 209817 0 0 64 36 <0.00001
hospitalization

[mo/di]

Alkaline

phosphatase 47 45311 1055 15022 28.8 758 729.2 69.3 1683 99 26095 9.8981 0 0 5 2 <0.00001
on admission

[U/L]

Highest alkaline
phosphatase
level during 92 |221.86) 127 |331.93 28.8 2527 2498.2 82.65 225.6 142.95 4.7739/29.6283 0 0 6 6 |<0.00001

hospitalization

[u/L]

Acronyms: Al: asymmetry index; ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: Body Mass Index; D(A-a)02: arterial oxygen alveolus differen-
ce; ext.: extreme; FI02: inspired oxygen fraction; inf.: inferiors; 1QR: Interquartilic range; Max: maximum value; Min: minimum value; Out.: outliers; Q1: first quartile,
Q3: third quartile; SD: Standard Deviation; NLR: Neutrophil to lymphocyte rate; Sup.: superiors.

Table S3. Proportion of elevated ALT, AST and TB levels according to three cutoff points depending on ICU admission or not

> 40 U/L (AST and ALT) or > 200 U/L (AST and ALT) or > 400 U/L (AST and ALT) or
> 1.2 mg/dl (bilirubin) > 1.5 mg/dI (bilirubin) > 3.0 mg/dl (bilirubin)
Total No need Need Total No need Need Total No need Need
for ICU for ICU for ICU for ICU for ICU for ICU
ALT  0A 350/550 117/183  233/367 30/550 7/183 23/367 8/550 0/183 8/367
(63.6%) (63.9%) (63.5%) (5.5%) (3.83%) (6.27%) (1.5%) (0.00%) (2.18%)
HLDH 497/604 128/189  369/415 35/604 12/189 87/415 35/604 0/189 35/415
(82.3%) (67.7%) (88.9%) (16.4%) (6.35%) (21.0%) (5.8%) (0.00%) (8.43%)
AST O0A 351/553 105/187  246/366 24/553 1/187 23/366 7/553 0/187 7/366
(63.5%) (56.1%) (67.2%) (4.4%) (0.53%) (6.28%) (1.3%) (0.00%) (1.91%)
HLDH 481/608 113/193  368/415 80/608 1/193 79/415 34/608 0/193 34/415
(79.1%) (58.5%) (88.7%) (13.2%) (0.52%) (19.0%) (5.6%) (0.00%) (8.19%)
B 0A 49/593 14/204 35/389 29/593 5/204 24/389 6/593 1/204 5/389
(8.3%) (6.86%) (9.00%) (4.9%) (2.45%) (6.17%) (1.0%) (0.5%) (1.28%)
HLDH 225/634 17/208 208/426 167/634 5/208 162/426 64/634 1/208 6/3426
(35.5%) (8.17%) (48.8%) (26.3%) (2.40%) (38.0%) (10.1%) (0.48%) (14.8%)

Acronyms: ALT: alanine aminotransferase; AST: aspartate aminotransferase; HLDH: highest level during hospitalization; ICU: Intensive Care Unit; OA: on admission;
TB: total bilirubin.
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Table S4. Odds ratio and p-value of co-variables in multivariate models for death outcome with multiple imputation and
sensitivity analysis

Model for ALT

Model for AST

Model for total bilirubin

OR OR OR
[1C95%)] [IC95%)] [IC95%)]

Variable Multiple Sensitivity Multiple Sensitivity Multiple Sensitivity
imputation analysis imputation analysis imputation analysis

Age 1.0382 1.0315 1.0372 1.0316 1.0359 1.0300

[Years] [1.0222 - 1.0545]  [1.0146 - 1.0488]  [1.0211-1.0536] [1.0145-1.0490] [1.0201-1.0519] [1.0131 - 1.0472]

Diabetes mellitus

Fever (Yes)

Lowest
lymphocyte
count
[cel/mcl]

D-dimer

Lactate
dehydrogenase

p - value < 0.001

1.3818
[0.8335 - 2.2909]
p - value =0.210
3.2171

[2.0599 - 5.0245]
p - value < 0.001

0.9958
[0.9948 - 0.9967]
p - value < 0.001

1.0000
[0.9948 - 1.0001]
p-value =0.214
1.0011
[1.0001 - 1.0020]
p - value = 0.024

p - value < 0.001

1.3967
[0.8080 - 2.4141]
p - value = 0.231
2.7136

[1.6700 - 4.4095]
p - value < 0.001

0.9956
[0.9945 - 0.9967]
p - value < 0.001

1.0000
[0.9999 - 1.0001]
p - value = 0.309
1.0016
[1.0004 - 1.0027]
p - value = 0.027

p - value < 0.001

1.3759
[0.8292 - 2.2830]
p-value =0.217
3.2105

[2.0505 - 5.0268]
p - value < 0.001

0.9957
[0.9947 - 0.9966]
p - value < 0.001

1.0000
[0.9999 - 1.0001]
p-value =0.197
1.0008
[0.9999 - 1.0017]
p - value = 0.081

p - value < 0.001

1.4609
[0.8419 - 2.5351]
p-value =0.178
2.4547

[1.4910 - 4.0413]
p - value < 0.001

0.9957
[0.99456 - 0.9968]
p - value < 0.001

1.0000
[0.9999 - 1.0001]
p - value = 0.328
1.0013
[1.0001 - 1.0025]
p - value = 0.033

p - value < 0.001

1.4010
[0.8509 - 2.3067]
p - value = 0.185
2.9983

[1.9188 - 4.6850]
p - value < 0.001

0.9960
[0.9951 - 0.9970]
p - value < 0.001

1.0000

[0.9999 - 1.0000]
p-value =0.187
1.0009

[1.0000 - 1.0017]
p - value = 0.06

p - value < 0.001

1.4697
[0.8534 - 2.5311]
p - value = 0.165
2.5282

[1.5537 - 4.1138]
p - value < 0.001

0.9958
[0.9946 - 0.9969]
p - value < 0.001

1.0000
[0.9999 - 1.0001]
p - value = 0.276
1.0017
[1.0006 - 1.0027]
p - value = 0.002

Table S5. Multivariate analysis models (multiple data imputation and sensitivity analysis) for secondary outcomes

Admission to ICU

Invasive mechanical ventilation

Length of hospital stay

OR [95%CI] OR [95%Cl] Coefficient [95%Cl]
Variable Model with Model with Model with Model with Model with Model with
data imputation sensitivity data imputation sensitivity data imputation sensitivity
analysis (only analysis (only analysis (only
patients with patients with patients with
complete data) complete data) complete data)
ALT 1.0016 1.0045 1.0020 1.0035 0.0017 0.0031
[0.9999 -1.0032]  [1.0011-1.0079] [1.0003 - 1.0037] [1.0009 - 1.0061]  [-0.0005 - 0.0039] [0.0003 - 0.0059]
p-value=0.069 p-value=0.009 p-value=0.02 p-value=0.009 p-value=0.127 p-value =0.031
AST 1.0007 1.0099 1.0014 1.0082 0.0004 0.0006
[0.9992 - 1.0021]  [1.0041 - 1.0157]  [0.9999 - 1.0029]  [1.0033 - 1.0132]  [-0.0007 - 0.0016] [-0.0007 - 0.0020]
p-value=0.348 p-value=0.001 p-value=0.069 p-value=0.001 p-value=0.477 p-value =0.353
Total bilirubin 1.79 5.48 2.35 4.45 0.58 0.69
[1.11-2.87] [2.86 - 10.48] [1.42 - 3.87] [2.59 - 7.66] [0.14 - 1.02] [0.20 - 1.18]
p-value=0.019 p-value<0.001 p-value=0.002 p-value=<0.001 p-value=0.011 p-value=0.006
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