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HIGLIGHTS

e Abnormal AST and/or ALT on
admission in COVID-19 patients are
frequent.

e Male gender, previous liver disease
and elevated bilirubin at admission
are predictors of abnormal liver
enzymes.

e Even mild abnormalities in AST and/
or ALT are associated with COVID-19
severity in hospitalized patients.
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ABSTRACT — Background — COVID-19 is a multisystemic disease, primarily
affecting the respiratory system. Liver involvement is frequent, but the
impact on the clinical course and outcomes are controversial. Objective
— The aim was to assess liver function at the admission and evaluate its
effects on severity and mortality in hospitalized patients with COVID-19.
Methods — This is a retrospective study of hospitalized patients in a
tertiary hospital in Brazil, with a PCR-confirmed SARS-CoV-2 infection
between April and October 2020. 1080 out of 1229 patients had liver
enzymes on admission and were divided in two cohorts, based on the
presence or absence of abnormal liver enzymes (ALE). Demographic,
clinical, laboratory, imaging, clinical severity, and mortality were evalu-
ated. Patients were followed until discharge, death or transfer to another
institution. Results — Median age was 60 years and 51.5% were male. The
more frequent comorbidities were hypertension (51.2%), and diabetes
(31.6%). Chronic liver disease and cirrhosis were present in 8.6% and
2.3%, respectively. ALE (aminotransferases higher than 40 TU/L) were
present in 56.9% of patients [mild (1-2 times): 63.9%; moderate (2-5
times): 29.8%; severe (>5 times): 6.3%]. Male gender [RR 1.49, P=0.007],
increased total bilirubin [RR 1.18, P<0.001] and chronic liver disease [RR
1.47, P=0.015] were predictors of abnormal aminotransferases on admis-
sion. Patients with ALE had a higher risk of disease severity [RR 1.19;
P=0.004]. There was no association among ALE and mortality. Conclu-
sion — ALE is common in COVID-19 hospitalized patients and were inde-
pendently correlated with severe COVID-19. Even mild ALE at admission
may be a severity prognostic marker.

Keywords — Liver; COVID-19; COVID-19 severity; abnormal aminotransfe-

rases; SARS-COV-2.
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INTRODUCTION

Coronavirus infectious disease 2019 (COVID-19),
caused by SARS-CoV-2, surprised the world in the
early 2020 and has become a challenge, remaining
unpredictable until now. More than 296.496.809 ca-
ses of COVID-19 among them 5.462.631 deaths in
the world were reported by WHO by January 2022.
In Brazil, more than 600,000 deaths were reported®.

COVID-19 is a multisystemic disease, mainly affec-
ting the respiratory system with a broad spectrum of
disease, from mild to critical, with complications as
pulmonary thromboembolism until multi-organ failu-
re?. Liver is involved, and several studies reported
a wide range of prevalence of abnormal liver enzy-
mes™. The exact pathophysiology of liver damage
is unknown, and it is attributed to multiple factors
as: a) SARS-CoV-2 liver replication, b) systemic in-
flammatory response or hypoxia; ¢) hepatotoxic dru-
gs, and d) pre-existing comorbidities"?. Even liver
biopsy available data showed variables histological
changes, suggesting a multiple insult"!?.

Varying levels of abnormal liver enzymes, most
increased transaminases have been associated with
disease severity, complications, and mortality in
some  studies™®'? although its impact on clinical
course is still controversial?”. Furthermore, very few
studies in Latin America have addressed this issue.
The aim of present study was to evaluate the pre-
valence of abnormal liver enzymes on admission in
patients with COVID-19 admitted a tertiary general
hospital in South of Brazil, as well as assess its im-
pact on in-hospital severity and mortality.

METHODS

Study design

This is a retrospective single-center cohort study
analyzing patients admitted between April 1st and
October 31, 2020, at a university hospital in Porto
Alegre, Brazil. The study was approved by the Ethics
Committee of the Hospital de Clincas de Porto Alegre
(project N° 20200340).

Patients’ characteristics

Patients aged =18 years with nasopharyngeal or
oropharyngeal swab samples RT-PCR SARS-CoV2
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positive were enrolled and followed until discharge
of hospital, or death.

Cohort characteristics

We collected from electronic medical records the
following data: demographics, medical history, cli-
nical characteristics, admission laboratory [comple-
te blood count, C-reactive protein, creatine kinase,
lactate dehydrogenase, D-dimer, bilirubin, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (AP), gamma glutamyl
transpeptidase (GGT), creatinine, international nor-
malized radio (INR) and prothrombin time (PT)], ra-
diological reports and medication history. COVID-19
therapy, including antibiotic, antivirals, steroids, and
others, were evaluated before admission. Lymphope-
nia was considered less than 1000 x 10%/uL. Liver
injury was defined as increase of transaminases: AST
and/or ALT level of =2 ULN, with total bilirubin =2
times ULN and/or disorder of coagulation (INR =1.7),
according to previous studies'”. Liver enzymes ena-
bled to separate the cohort into two subgroups ba-
sed on AST and/or ALT =41 IU/L: abnormal liver
enzymes (ALE) and normal liver enzymes (NLE)"¥,
Liver enzymes elevations on admission (AST and/or
ALT), were categorized as mild (<2 times ULN), mo-
derate (2-5 times ULN), and severe (>5 times ULN)
as previously described elsewhere©1?.

COVID-19 severity

Severe COVID-19 was defined as a ratio of arte-
rial partial pressure of oxygen to fraction of inspired
oxygen (PaO2/FiO2) <300 mmHg or organ failure
(ventilatory support requirement, vasoactive drug,
or renal substitute therapy with hemodialysis*®”. Pa-
tients were categorized in severe and no severe and
compared.

Definitions of comorbidities

Chronic kidney disease and end-stage renal dise-
ase were defined as usual®” and included as “kidney
disease”. Coronary artery disease and congestive heart
failure were grouped as “cardiovascular disease”.

Outcomes
The main outcomes assessed were COVID-19 se-
verity and mortality during hospitalization.
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Statistical analysis

Categorical variables were reported as percenta-
ges and comparisons were made using chi-square
test or Fisher’s exact test. Continuous variables were
reported as median (minimum - maximum) or mean
with standard deviation, comparisons were made
with Student’s ¢ test or Mann-Whitney U test, ac-
cording to distribution (Shapiro - Wilk test). £<0.05
was considered as statical significance. To explore
independent factor associated with severe disease
and mortality was performed a univariate analysis
including demographic, clinical and laboratory data
which were statistically significant after comparison.
Next step significant variables (P<0.05) were consi-
dered to perform a model of multivariate analysis
with dichotomus outcomes using Cox regression in
mortality and robust Poisson regression in disease
severity. In the same way were explored factors as-
sociated with abnormal liver enzymes. Multivariate
analysis in each case was adjusted for age >60, sex,
hypertension, T2DM and previous history of liver di-
sease. Data analysis was performed with IBM SPSS
Statistics, version 25.0. (IBM Corp., Armonk, N.Y.,
USA).

RESULTS

Of 1,508 medical records referring to 1,454 pa-
tients, 1,229 were included as showed in a FIGURE 1

1508
Records

v

1454

Patients
- 48 Readmissions
225 - 62 Advanced neoplasm
- 60 Solid organ transplants
Excluded 341
626 - 69 Unconfirmed COVID' PCR
Severe v
COVID-19
1229
Patients
603
Non-severe
COVID-19
\4 614 -64% 1:2x (LS U/dL)
Abnormal liver -30%> 2x-5x(LS U/dL)
1080 enzymes - 6% 2 5x (LS U/dL)
T i (ALE)
(AST and /or ALT) 466
Normal liver
enzymes
(NLE)

FIGURE 1. Patient’s inclusion scheme. (Prism 9 graphic program).

TABLE 1. Demographics characteristics of patients with COVID-19

Variables n n (%)
Age, median (minimum - maximum) 1229 60 (18-102)
Age >60 1229 615 (50)
Age <60 1229 614 (50)

Gender
Male 1229 633 (51.5)
Female 1229 596 (48.5)
Comorbidities
Hypertension 1227 629 (51.2)
Diabetes 1227 388 (31.6)
Obesity 981 428 (34.8)
Cardiovascular disease 1227 209 (17)
Kidney chronic disease 1227 97 (7.9)
Cirrhosis 1227 28 (2.3)
Clinical symptoms
Dyspnea 1208 781(63.5)
Fever 1208 653 (53.1)
Cough 1208 191 (15.5)
Myalgia 1208 270 (22.0)
Diarrhea 1208 218 (17.7)
Abdominal pain 1208 51(4.1)
Nausea and vomiting 1208 140 (11.4)
Anorexia 1208 107 (8.7)
Anosmia 1208 166 (13.5)
Ageusia 1208 100 (8.1)
Chest imaging
Ground glass pattern 1164 883 (71.8)
Uniilateral consolidation pattern 1164 47 (3.8)
Bilateral consolidation pattern 1164 54 (4.4)
No lesions 1164 180 (14.6)
Complications
Liver injury 1080 16 (1.3%)
Pulmonary thromboembolism 263 77 (6.3)
Extrapulmonary thrombosis 263 39(3.2)
Severe COVID-19 1229 639 (52.0)
Oxygen support 1229 952 (77.5)
ICU admission 1229 615 (50.0)
Mechanical ventilation 1229 441 (35.9)
Hemodialysis support 1229 203 (16.5)
Vasoactive drugs support 1229 437 (35.6)
ECMO support 1229 1(0.9)
Scores ICU
APACHE 561 11 (0-33)
SAPS3 555 58 (27-145)
SOFA 477 5 (1-16)
Treatment before admission
Antibiotic therapy 810 492 (40)
Antiviral therapy 810 64 (5.2)
Steroids therapy 810 124 (10.1)
Others therapies 810 26 (2.1)
Treatment in hospital
Antibiotics 1229 1016 (82.7)
Antiviral therapy 1229 167 (13.6)
Steroids 1229 785 (63.9)
Other 1229 264 (21.5)
Hospital stay
Emergency 1229 0 (0-5)
Hospitalization 1229 5 (0-169)
ICU 1229 10 (0-94)
Total hospital stay 1229 8 (0-176)
Clinical evolution
Discharge 1229 802 (65.3)
Transfer 1229 137 (11.1)
Death 1229 290 (23.6)

ICU: intensive care unit; MAFLD: metabolic dysfunction associated fatty
liver disease.
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and TABLE 1 summarizes demographic and clinical
data. Median age was of 60 years, most patients were
male, and comorbidities were common, especially
hypertension, obesity, and diabetes. Chronic liver di-
sease was present in 106 (8.6%) patients. Among CO-
VID-19 symptoms, dyspnea and fever were present
in more than 50%. Chest imaging abnormalities were
present in 882 (71.80%). Half of the included patients
were admitted to the intensive care unit (ICU). Liver
injury, defined as AST and/or ALT =2 x ULN, and to-
tal bilirubin =2 x ULN and/or 1.7 = INR), was present
in only 1.3%. A significant number of patients recei-
ved COVID-19 intended treatment before admission,
as demonstrated.

Baseline laboratory on admission. Median AST
and ALT were 40 and 36 Ul, respectively, and me-
dian bilirubin was 0.5 mg/dL. Canalicular enzymes
were seldom requested. Inflammatory markers such
as CRP and LDH were usually high, as well as d-di-
mer. During hospitalization, antibiotics and steroids
were highly prescribed (TABLE 1). Investigational
products were given to 126 (10.3%), including con-
valescent plasma therapy and baricitinib.

Characteristics of patients with abnormal
liver enzyme

Of total 1,229 patients, 1,080 (87.9%) patients had
record of AST and/or ALT available on admission,
among whom 614 (56.9%) had abnormal liver enzy-
mes (ALE group). TABLE 2 details the obtained re-
sults, comparing patients with normal and abnormal
liver enzymes.

Patients with ALE were younger, male, and had
a more frequent history of previous liver disease. It
is noteworthy that inpatients with elevated AST and/
or ALT, mild elevation was present in 63.8%, while
29.8% had moderate and 6.306% severe abnormali-
ties. TABLE 3 displays a Poisson regression of factors
associated with abnormal liver enzymes. Inflamma-
tory markers were higher in ALE patients, as well as
were a list of variables, including COVID-19 severity.
However, in multivariable analysis only male gen-
der, previous liver disease and bilirubin were sig-
nificantly associated as independent risk factors of
liver enzymes abnormalities. ALE patients presented
a higher length of stay [9 days (0-94) vs 7.5 days
(0-64), P=0.009].
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Characteristics of patients with severe COVID-19

Of the total 1,229, 639 (51.9%) patients presen-
ted severe COVID-19. Compared with non- severe
disease, they were older, male, and presented more
comorbidities (TABLE 4).

A multivariate analysis confirmed that ALE, age
above 60 years old, the presence of diabetes and
some laboratory abnormalities, such as high CRP and
d-dimer levels were independently related to the di-
sease severity.

Mortality

Factors associated with mortality are presented
in TABLE 5. After an adjusted multivariate analysis,
age above 60, coagulation abnormalities and higher
d-dimer levels were significantly associated with it.

DISCUSSION

This study evaluated a large cohort of patients
with COVID-19 admitted to a tertiary hospital and
demonstrated that even mild AST and ALT abnor-
malities are predictors of disease severity. Over half
of our cohort (58.6%) presented abnormal liver en-
zymes on admission; this figure is within of wide
range (14-81.7%) reported by other studies that
observed abnormal liver enzymes on admission or
during hospitalization®3?. The results’ variability is
related to different liver enzymes cutoffs used and to
the significant difference among studied populations.
We considered AST and/or ALT =241, as a marker of
liver enzymes abnormality, in line with other stu-
dies7#**), Having this cutoff as reference we found
that ALE on admission was significantly associated
to the COVID-19 severity in a multivariate model.
ALE on admission, may be a manifestation of liver
and multisystemic COVID-19 involvement could lead
clumsy evolution with adverse outcomes, as repor-
ted by other”3'3. There are few previous studies in
South America suggesting association between ALE
and severity of the disease. A Brazilian multicenter
study included 406 patients with COVID-19 and re-
ported a prevalence of twice elevated AST and ALT
levels (ALEx2) at admission of 14%. Adjusted for age
and sex, in-hospital all-cause mortality was higher in
this group than inpatients with lower enzymes®?. In
the present study we found 29.8% of patients with
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TABLE 2. Clinical characteristics and laboratory on admission among patients with abnormal liver enzymes and normal liver enzymes with severe or no severe COVID-19.

All patients All patients with liver enzymes
Clinical characteristics COVID-19,No (%) oy, e Se"e'(esg%‘;""w paluee Ve ENZYMES er"“z‘;’::; '('m’E) énbz"‘,‘l’;‘::'( "\"Iff;) e
(n=1229) (n=590) (n=639) (n=1080) (n=466) (n=614)
Age, median 1229 60 (18-102) 54 (18-95) 63 (19-102) <0.001 59 (19-102) 62.5 (19-102) 57 (19-94) 0.001
(minimum - maximum)
Age above 60 1229 615 (50) 238 (40.3) 377 (59.0)* 0,001 538 (49.8) 265 (56.9) 273 (44.5) 0,001
Age below 60 1229 614 (50) 352 (59.7)* 262 (41.0) 542 (50.2) 201 (43.1) 341 (55.5)*
Gender
Male 1229 633 (51.5) 279 (47.3) 354 (55.4)* 0,005 559 (51.8) 210 (45.1) 349 (56.8)* 0001
Female 1229 596 (48.5) 311 (52.7)* 285 (44.6) 521 (48.2) 256 (54.9)* 265 (43.2)
Comorbidities
Hypertension 1227 629 (51.2) 257 (43.6) 372 (58.4)* <0.001 561 (52.0) 259 (55.6)* 302 (49.2) 0.046
Diabetes 1227 388 (31.6) 142 (24.1) 246 (38.6)* <0.001 339 (31.4) 177 (38.0)* 162 (26.4) <0.001
Kidney chronic disease 1227 97 (7.9) 40 (6.8) 57 (8.9) 0.193 77 (7.1) 48 (10.3)* 29 (4.7) 0.001
Chronic liver disease 194 106(8.6) 48 (52.7) 58 (56.3) 0.724 91 (8.42) 33 (45.8) 58 (65.9)* 0.017
MAFLD 171 47 (3.8) 26 (31.0) 21 (24.1) 0.408 42 (3.9) 14 (22.6) 28 (36.4) 0.116
Cirrhosis 1227 28 (2.3) 10 (1.7) 18 (2.8) 0.257 21(1.94) 6(1.3) 15 (2.4) 0.253
Complications
Pulmonary embolism 263 77 (6.3) 15 (18.8) 62 (33.9) 0.02 69 (6.39) 25 (27.8) 44 (29.1) 0.937
;ﬁgﬁ%ﬂ;ﬂnﬂg‘?‘)jism 263 39(3.2) 1(7.7) 38 (46.3)" 0.02 36 (3.33) 9 (42.9) 27 (42.9) 1.00
Severe COVID-19 569 (100) 207 (44.4) 362 (59.0) <0.001
Clinical evolution
Discharge 1229 802 (65.3) 532 (90.2)* 270 (42.3) 705 (65.3) 326 (70.0)* 379 (61.7)
Dead 1229 290 (23.6) 0 (0.00) 290 (45.4)* 0.001* 250 (23.1) 87 (18.7) 163 (26.5)* 0.007
Transfer 1229 137 (11.1) 58 (9.8) 79 (12.4) 125 (11.6) 53 (11.4) 72(11.7)
Laboratory, value, median (minimum - maximum)
Hematology
WBC (x 109/L) 1196 7.78 (1.47-40.01) 6.75(1.81-34.51) 9.08 (1.47-40.01) <0.001 7.81(1.81-40.01) 7.43(2.06-34.97) 8.22(1.81-40.1) <0.001
Neutrophils (x 10%/L) 1192 6.05(0.24-35.21)  4.91(0.24-29.64)  7.37 (0.53-35.21)  <0.001 6.11(0.24-35.21) 5.57 (0.45-26.93) 6.52 (0.24-35.1)  <0.001

Lymphocytes (x 109L) 1192  0.90 (0.04-9.44)  1.11(0.07-9.50)  0.75(0.04-6.69) <0.001  0.55(0.04-9.5) 0.95(0.13-4.02)  0.87 ()0.04-9.5)  0.096
Lymphopenia (<1000) 687 0.65(0.04-0.99)  0.71 (0.06-0.99) 0.5(0.04-0.9)  <0.001 0.63(0.04-0.99) 0.64(0.13-0.99) 0.62(0.04-0.99)  0.548

Platelets (x 10%/L) 1188 211 (9-722) 204 (20-722) 218 (9-685) 0.179 213 (9-713) 209.5 (22-643) 217 (9-713) 0.254
Biochemical
AST admission (U/L) 1074 40 (8-1992) 35.5 (8-314) 44 (9-1992) <0.001 525 (22-581) 27 (8-40) 57 (19-1992) <0.001
ALT admission (U/L) 1082 36 (5-1665) 35 (5-518) 37 (6-1665) 0.095 51.5 (6-518) 22 (5-40) 56 (6-1665) <0.001
Total bilirubin (mg/dL) 1027 0.5 (0.3-6.1) 0.5 (0.3-6.10) 0.5 (0.3-5.80) 0.017 0.6 (0.3-2.4) 0.4 (0.3-2.8) 0.5 (0.3-6.1) <0.001
TB > 1.2 (mg/dL) No (%) 59 (5.9) 12 (2.8) 47 (8.1) 0.001
ALP (U/L) 88 95.5 (38-564) 90 (45-564) 96.5 (38-492) 0.729 93 (45-492) 84 (38-492) 117 (45-564) 0.003
GGT (U/L) 46 95 (10-1163) 109 (10-744) 80 (26-1163) 0.991 134 (18-1163) 53 (10-1163) 159 (17-144) 0.015
Albumin (g/dL) 150 3.18 (=0.69) 3.55 (£0.59) 2.88 (+0.64) <0.001°  3.20(+0.70) 3.4 (+0.63) 3.07 (+0.74) 0.023°
ASTIALT =41 No (%) 614 614 (100) 252 (49.3) 362 (63.6) <0.001
AST>41 (U/L) 604 57 (19-1992) 53 (23-314) 59 (19-1992) <0.001
ALT=41 (U/L) 613 56 (6-1665) 59 (6-518) 52 (11-1665) 0.001
Inflammation
CRP (mg/L) 1086 103.8 (1-487) 65.7 (1-374.1) 140 (1-487) <0.001 105.8 (1-487) 89.1 (1-487) 120.35 (1-444) <0.001
LDH (U/L) 956  374.5(1.80-9920) 307 (1.98-1018) 464 (1.80-9920)  <0.001 374 (1.80-9920) 296 (1.88-999) 448 (3.17-9920)  <0.001
CK (U/L) 953 98 (4.7-18 178) 83 (8-10 203) 117 (4.70-18 178)  <0.001 101 (4.70-981) 80 (4.7-1487) 121 (8.45-16972)  <0.001
Coagulation
INR 1052 1.09 (1-6.22) 1.06 (1-3) 1.13 (1-6.22) <0.001 1.09 (1-6.22) 1.08 (1-3.14) 1.10 (1-6.00) 0.032
D-dimer (ug/mL ) 1040 1.05 (0.19-20) 0.76 (0.19-20) 1.45 (0.19-20) <0.001 1.03 (0.19-20) 0.9 (0.19-20.0) 1.15 (0.19-20.0) <0.001
Hospital stay
Total stay 1229 8 (0-176) 5 (0-64) 14 (0-176) <0.001 8 (0-94) 7.5 (0-64) 9 (0-94) 0.009

ALT: alanine aminotransferase; ALP: alkalina phosphatase; AST: aspartate aminotransferase; CK: creatine kinasa; COVID-19: coronavirus disease 2019; CRP: C-reactive protein; GGT: gamma-glutamyl
transferase; INR: international normalized ratio; LDH: lactate dehydrogenase; MAFLD: metabolic dysfunction associated fatty liver disease; SOFA: sequential organ failure assessment; WBC: white blood
cells. a: chi-square test was used for comparisons of categorical variables, and Mann-Whitney U test was used for comparisons of continuous asymmetric variables; b: Srudent’s t-test was used for
comparisons of continuous symmetric variables. *adjusted residual.
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TABLE 3. Factors associated with abnormal liver enzymes (Poisson Regression).
Univariate Multivariate
(95%Cl) P-value RR (95%Cl) P-value

Patient characteristics and findings

Clinical characteristics and comorbidities

Male gender 1.23 (1.10-1.37) <.001 1.49 (1.12-1.99) 0.007
Chronic liver disease 1.51 (1.10-2.06) 0.01 1.47 (1.08-2.01) 0.015
Severe COVID-19 1.29 (1.16-1.44) <.001
Laboratory
Hematology
White blood cells (x 10°/L) 1.02 (1.01-1.03) <.001
Total bilirrubin (mg/dL) 1.27 (1.17-1.37) <.001 1.18 (1.09-1.27) <.001
Inflammatory markers
CRP (mg/dL) 1.001  (1.001-1.002) <.001
LDH (U/L) 1.00 (1.00-1.00) 0.001
CK (U/L) 1.00 (1.00-1.00) <.001
Coagulation
INR 1.14 (1.07-1.21) <.001
D-dimer (ug/mL) 1.02 (1.02-1.01) <.001

CK: creatine kinasa; COVID-19: coronavirus disease 2019; CRP: C-reactive protein; INR: international normalized ratio; LDH: lactate dehydrogenase; WBC:
white blood cells.
TABLE 4. Factors associated with severe COVID-19 (Poisson Regression).

Univariate Multivariate

(95%Cl) RR (95%Cl) P-value

Patient characteristics and findings

Clinical characteistics

Age above 60 years 1.44 (1.29-1.61) <.001 1.22 (1.09-1.37) 0.001
Male gender 1.17 (1.05-1.30) 0.005
Comorbidities
Diabetes 1.36 (1.23-1.51) <.001 1.21 (1.08-1.35) 0.001
Hypertension 1.34 (1.20-1.49) <.001
Complications
Pulmonary tromboembolism 1.24 (1.06-1.44) 0.006
Laboratory
Hematology
White blood cells (x 10%/L) 1.04 (1.03-1.05) <.001 1.03 (1.02-1.04) <0.001
Lymphopenia (<1000 x 10%/L) 1.69 (1.49-1.92) <.001 1.51 (1.32-1.72) <0.001
Biochemical
AST and/or ALT 241 (U/L) 1.33 (1.18-1.50) <.001 1.19 (1.06-1.34) 0.004
Total bilirrubin (mg/dL) 1.16 (1.05-1.28) 0.003
Inflammatory markers
CRP (mg/dL) 1.003 (1.003-1.004) <.001 1.002 (1.001-1.002) <0.001
LDH (U/L) 1.00 (1.00-1.00) <.001
CK (U/L) 1.00 (1.00-1.00) <.001
Coagulation
INR 1.28 (1.19-1.37) <.001
D-dimer (ug/mL) 1.04 (1.04-1.05) <.001 1.01 (1.006-1.021) <0.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; CRP: C-reactive protein; INR: international normalized ratio; LDH:
lactate dehydrogenase; WBC: white blood cells.
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TABLE 5. Factors associated with mortality in patients with COVID-19 (Cox Regression).
Univariate
(95%Cl)

Multivariate
(95%Cl)

Patient characteristics and findings

P-value HR P-value

Clinical characteristics

Age above 60 years 2.62 (2.00-3.42) <.001 2.34 (1.73-3.16) <.001
Male gender 0.92 (0.73-1.16) 0.5
Comorbidities
Diabetes 1.21 (0.96-1.53) 0.11
Hypertension 1.16 (0.92-1.47) 0.22
Chronic liver disease 1.15 (0.67-1.97) 0.62
Complications
Severe COVID-19 34.15 (9.76-119.28) <.001
Pulmonary tromboembolism 1.12 (0.73-1.73) 0.59
Laboratory
Hematology
White blood cells (x 10%/L) 1.04 (1.03-1.06) <.001
Lymphopenia (<1000 x 10°/L) 1.38 (1.05-1.81) 0.02
Biochemical
AST (U/L) 1.00 (1.00-1.00) 0.033
ALT (U/L) 1.00 (1.00-1.00) 0.08
AST >41 (U/L) 1.20 (0.93-1.55) 0.17
ALT >41 (U/L) 0.84 (0.65-1.08) 0.18
AST and/or ALT =41 (U/L) 112 (0.86-1.45) 0.40
AST highest hospitalization (U/L) 1.00 (1.00-1.00) 0.19
ALT highest hospitalization (U/L) 1.00 (1.00-1.00) 0.56
Total bilirrubin (mg/dL) 1.18 (0.94-1.49) 0.18
Inflammatory markers
CRP (mg/dL) 1.00 (1.00-1.00) 0.002
LDH (U/L) 1.00 (1.00-1.00) 0.48
CK (U/L) 1.00 (1.00-1.00) 0.49
Coagulation
INR 1.06 (1.04-1.08) <.001 1.26 (1.05-1.52) 0.013
D-dimer (ug/mL) 1.05 (1.04-1.08) <.001 1.05 (1.03-1.07) <.001

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CK: creatine kinase; COVID-19: coronavirus disease 2019; CRP: C-reactive protein; INR:
international normalized ratio; LDH: lactate dehydrogenase; WBC: white blood cells.

ALEx2 at admission, but they did not correlate to CO-
VID-19 severity or mortality. One smaller Latin Ame-
rican study included 298 patients and demonstrated
that ALEx2 on admission was independently associa-
ted with 1-week mortality. In addition, patients wi-
thout ALEx2 at admission who developed 1-week de
novo-ALEx2 (39.8%) presented a higher mortality du-
ring the second week®. Cai et al., reported 76.3%
of liver enzymes increment during hospitalization in
COVID-19 patients, and found association with Lopi-
navir/Ritonavir”. In the present study, only 15.87%
of patients presented de novo AST and/or ALT ab-
normalities during the hospital stay without associa-
tion to severity and mortality. However, a little sam-
ple size in the sub-analysis limits ours results.

Severe COVID-19 (SC-19) patients were older
(>60 years old), presented more comorbidities and
higher inflammatory markers, such as leukocytes,
CRP, LDH and CPK with lower lymphocytes similar
to some other reports®**. We found higher levels
of inflammatory markers in ALE patients, suggesting
SARS-CoV-2 induced inflammatory response could
be related to of liver injury as inflammatory reaction
could lead to cytokine storm which is a key in the
severe disease® . We also found increased D-dimer
as risk factor of SC19, the same described by some
other authors®#Y and could be unchained by in-
flammatory response. We found association among
D-dimer and ALE in univariate, although it lost signi-
ficance in the multivariate analyze. D-dimer is a he-
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mostatic biomarker, higher levels of D-dimer indicate
that there is fibrin generation and fibrinolysis, in pa-
tients with COVID-19 could be extrahepatic origin“?.

In this study, male gender, CLD and increased
total bilirubin were predictors of ALE at admission.
Previous studies reported ACE2 receptors are me-
diated by androgens, being higher in men®”. CLD
was reported in 8.6%, similar to the prevalence re-
ported by Hao et al.“® but higher than the results of
a systematic review (3.6%)“?. Some reports suggest
CLD increases the risk of complications or mortali-
ty. However, we did not find any association here,
the same reported in some studies?* including a
meta-analysis of 8,800 patients“?. On the other hand,
a recent Brazilian study with 1,034 COVID-19 pa-
tients showed that CLD is linked to the mortality™.
Moreover, patients with CLD could present higher
expression of ACE2 receptor and could be more sus-
ceptible to the virus'®, and Child-Pugh C cirrhotic
have an increased risk of complications and mortali-
ty“e4? We found that ALE on admission was associa-
ted with SC-19 despite having less diabetes, hyper-
tension and chronic kidney disease, supporting the
prognostic role of liver enzymes. In addition, ALE
patients had longer hospital stay, as we demonstra-
ted here in agreement some studies™®. A multicen-
ter retrospective study with 1765 patients in Hubei
province, in China, reported an increased mortality
risk in cases of elevated AST (above 34 U/L)*, al-
though we did not find it, in line with some other
studies*. In the present study, 23.6% of patients
died, and patient aged above 60 years had a higher
risk of death“” These findings are consistent with se-
veral studies*>**! including a Brazilian one“”. This
finding may be related to the physiological changes
of aging. Furthermore, patients with abnormal coa-
gulation with increased INR and elevated D-dimer at
admission also have an increased risk of mortality®”.
Coagulation disorders might be related to inflamma-
tory storm as well®?,

This study has some strengths and limitations that

EEH Arq Gastroenterol 2023, v. 60 n° 1 e jan/mar

should be considered. So far, this is the largest single
centered study in Brazil, conducted at a high-volume
University tertiary hospital, and it is the first solely
reporting results from the South Brazil. On the other
hand, it was retrospective, and some data could be
incomplete or not recorded, such as medications, al-
cohol consumption, body mass index, and canalicu-
lar enzymes at admission. An additional limitation is
that transferred patients, who represented 11.1% of
the sample, were considered alive in the final analy-
sis, and this may have impacted the results. Likewise,
medications used before admission may have had an
influence on liver enzymes.

In conclusion, we demonstrated in a large Brazi-
lian cohort that prevalence of abnormal AST and/or
ALT on admission is high (more than 50%) and that
mild AST and/or ALT abnormalities are predictors
of high-risk severe COVID-19. Thus, AST and ALT
should be determined on admission, and in case of
abnormalities, a careful observation of clinical curse
is advocate.
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Picon Y, Joveleviths D, Alvares-da-Silva MR. Alteracoes minimas em enzimas hepaticas a admissao hospitalar correlacionam-se a
gravidade da COVID-19 em uma grande coorte no Brasil. Arq Gastroenterol. 2023;60(1):11-20.
RESUMO — Contexto — COVID-19 € uma doenca sistémica que afeta primariamente o sistema respiratorio. O comprometimento hepati-

co ¢ frequente, mas seu impacto no curso clinico da doenca ainda é controverso. Objetivo — Avaliar na admissao hospitalar a fun-
¢ao hepatica de pacientes com COVID-19 e correlaciond-la 4 gravidade e mortalidade da doenca. Métodos — Estudo retrospectivo
de pacientes admitidos a um hospital tercidrio no Brasil, com infec¢do confirmada por SARS-CoV-2 entre abril e outubro de 2020.
A coorte foi dividida em pacientes com enzimas normais ou alterada, e avaliados dados demograficos, clinicos, laboratoriais e de
imagem, bem como a gravidade clinica e a mortalidade. Os pacientes foram seguidos até a alta ou 6bito. Resultados — 1080 de
1229 pacientes tiveram enzimas hepaticas na admissao. A mediana de idade foi de 60 anos e 51,5% eram homens. As comorbidades
mais comuns foram hipertensao (51,2%) e diabetes mellitus (31,6%). Doenca hepitica cronica ou cirrose estiveram presentes em
8,6% e 2,3%, respectivamente. Enzimas normais ou alterada (aminotransferases >40 IU/L) esteve presente em 56,9% [leve (1-2 vezes
o normal): 63,9%; moderada (2-5 vezes): 29,8%; acentuada (>5 vezes): 6,3%]. Homens [RR 1,49; P=0,007], bilirubina total elevada
[RR 1,18; P<0,001] e doenca hepatica cronica [RR 1,47, P=0,015] foram preditores de enzimas normais ou alterada na admissao.
Pacientes com enzimas normais ou alterada tiveram maior risco de COVID-19 grave [RR 1,19; P=0,004]. Nao houve associacao entre
enzimas normais ou alterada e mortalidade. Conclusio — Enzimas normais ou alterada € comum em pacientes hospitalizados com
COVID-19. Mesmo alteracoes minimas correlacionam-se de forma independente com a gravidade da doenca e podem ser Uteis
como marcador prognostico.
Palavras-chave — Figado; COVID-19; gravidade; aminotransferases anormais; SARS-COV-2.
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