S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Clinics and Research in Hepatology and Gastroenterology 46 (2022) 101894

CLINICS AND RESEARCH

IN HEPATOLOGY

Available online at Elsevier Masson France AND GASTROENTEROLOGY.
ScienceDirect
www.sciencedirect.com www.em-consulte.com

ORIGINAL ARTICLE

Abnormal liver tests and non-alcoholic fatty =
liver disease predict disease progressionand
outcome of patients with COVID-19

Simona Tripon®*, Pascal Bilbault®, Thibaut Fabacher®, Nicolas Lefebvre®,
Sylvain Lescuyer®, Emmanuel Andres’, Elise Schmitt®, .

Sabrina Garnier-KepKA", Pierrick Le Borgne', Joris Muller’, Hamid Merdji*,
Frédéric Chaffraix', Didier Mutter™, Thomas F Baumert”, Ferhat Meziani®,
Michel Doffoel?

2 Department of Hepatology and Gastroenterology, Service Expert de Lutte contre les Hépatites Virales d’Alsace (SELHVA), Pole
Hépato-digestif, Nouvel Hopital Civil, Hopitaux Universitaires de Strasbourg, Institut des Maladies Virales et Hépatiques, Inserm
U1110, Strasbourg, France

® Head of Emergency Department, Regenerative Nanomedicine, INSERM UMR 1260 Fédération de Médecine Translationelle de
Strasbourg, Hopitaux Universitaires de Strasbourg, University of Strasbourg, France

€ Department of Public Health, Hopitaux Universitaires de Strasbourg, France

4 Department of Infectious Diseases, Nouvel Hopital Civil, Hopitaux Universitaires de Strasbourg, France

€ Internal Medicine Department, Nouvel Hopital Civil, Hopitaux Universitaires de Strasbourg, France

f Department of Internal Medicine, Medical Clinic B, HopitauxUniversitaires de Strasbourg, University of Strasbourg, France

¢ Geriatric Department, HopitauxUniversitaires de Strasbourg, EA-3072, University of Strasbourg, France

" Emergency Department, HopitauxUniversitaires de Strasbourg, France

| Emergency Department, Regenerative Nanomedicine, INSERM UMR 1260 Fédération de MédecineTranslationelle de Strasbourg,
HopitauxUniversitaires de Strasbourg, University of Strasbourg, France

J Department of Public Health, Hopitaux Universitaires de Strasbourg, France

kK Medical ICU, Médecine Intensive- Réanimation, INSERM UMR 1260, RegenerativeNanomedicine (RNM), FMTS, Nouvel Hopital Civil,
Hopitaux Universitaires de Strasbourg, Université de Strasbourg, France

! Service Expert de Lutte contre les Hépatites Virales d’Alsace (SELHVA), Pole Hépato-digestif, Nouvel Hopital Civil, Hopitaux
Universitaires de Strasbourg, France

™ Department of General, Digestive, and Endocrine Surgery, Pole Hépato-digestif, Nouvel Hopital Civil, Hopitaux Universitaires de
Strasbourg, France

" Department of Hepatology and Gastroenterology, Pole Hépato-digestif, Nouvel Hopital Civil, Hopitaux Universitaires de
Strasbourg, Institut des Maladies Virales et Hépatiques, Inserm U1110, Institut Hopitalo-Universitaire, University of Strasbourg,
France

Abbreviations: ALP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; COVID-
19, coronavirus disease; FIB-4, fibrosis-4; GGT, gamma-glutamyl transferase; HSI, hepatic steatosis index; LFTs, liver function tests; NAFLD,
non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; Sa0O,, capillary oxygen saturation; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; TBIL, total bilirubin; TP, prothrombin time; ULN, upper limit of the normal.

* Correspondence author.
E-mail address: simona.tripon@chru-strasbourg.fr (S. Tripon).

https://doi.org/10.1016/j.clinre.2022.101894
2210-7401/© 2022 Elsevier Masson SAS. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinre.2022.101894&domain=pdf
mailto:simona.tripon@chru-strasbourg.fr
https://doi.org/10.1016/j.clinre.2022.101894
https://doi.org/10.1016/j.clinre.2022.101894

S. Tripon, P. Bilbault, T. Fabacher et al.

° Medical ICU, Médecine Intensive - Réanimation, INSERM UMR 1260, Regenerative Nanomedicine (RNM), FMTS, Nouvel Hopital Civil,
Hopitaux Universitaires de Strasbourg, Université de Strasbourg, France
P Faculté de Medicine, University of Strasbourg, Inserm U1110, Strasbourg, France,

Available online 25 February 2022

KEYWORDS
SARS-CoV-2 infection;
COVID-19 disease;
Liver function tests
(LFTs);

Obesity;

Liver steatosis;

Liver fibrosis

Abstract

Background and aims: Coronavirus disease 2019 (COVID-19) is a serious public health issue that
became rapidly pandemic. Liver injury and comorbidities, including metabolic syndrome, are
associated with severe forms of the disease. This study sought to investigate liver injury, clinical
features, and risk factors in patients with mild, moderate, and severe COVID-19.

Methods: We retrospectively included all consecutive patients hospitalized with laboratory-con-
firmed COVID-19 between February, 22 and May 15, 2020 at the emergency rooms of a French
tertiary hospital. Medical history, symptoms, biological and imaging data were collected.
Results: Among the 1381 hospitalizations for COVID-19, 719 patients underwent liver tests on
admission and 496 (68.9%) patients displayed abnormal liver tests. Aspartate aminotransferase
was most commonly abnormal in 57% of cases, followed by gamma-glutamyl transferase, alanine
aminotransferase, albumin, alkaline phosphatase, and total bilirubin in 56.5%, 35.9%, 18.4%,
11.4%, and 5.8%. The presence of hepatocellular type more than 2xULN was associated with a
higher risk of hospitalization and a worse course of severe disease (odd ratio [OR] 5.599; 95%Cl:
1.27-23.86; p = 0.021; OR 3.404; 95% Cl: 2.12—-5.47; p < 0.001, respectively). A higher NAFLD
fibrosis score was associated with a higher risk of hospitalization (OR 1.754; 95%Cl: 1.27—-2.43,
p < 0.001). In multivariate analyses, patients with high fibrosis-4 index had a 3-fold greater risk
of severe disease (p < 0.001).

Conclusion: Abnormal liver tests are common in patients with COVID-19 and could predict the
outcome. Patients with non-alcoholic fatty liver disease and liver fibrosis are at higher risk of
progressing to severe COVID-19.

© 2022 Elsevier Masson SAS. All rights reserved.

Introduction

Coronaviruses are enveloped viruses that display the largest
genome of all RNA viruses known to cause respiratory infec-
tions in humans [1]. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is responsible for the novel
coronavirus disease that first occurred in 2019 (COVID-19)
and became a serious global public health problem, declared
by World Health Organization (WHO) as a global public
health emergency. It can cause respiratory, intestinal,
hepatic, and neuronal disease and may lead to acute respira-
tory distress syndrome, multiple organ failure, and death in
severe cases [2].

As this infectious disease continues to spread, more infor-
mation is needed to better identify the patients who require
hospitalization or those who are likely develop severe
COVID-19 disease. The identification of risk factors associ-
ated with outcomes should allow for patient stratification in
view of personalized clinical care, in order to improve the
outcome.

Liver impairment has been commonly reported in COVID-
19 patients [3]. Abnormal liver function tests (LFTs) are pres-
ent on admission, prior to initiating treatment with hepato-
toxic drugs that may induce liver injury [4]. However, the
association between LFTs and different degrees of COVID-19
severity of is still poorly described.

The features of metabolic syndrome, including obesity,
diabetes, and hypertension, are associated with a severe

COVID-19 course [5]. Non-alcoholic fatty liver disease
(NAFLD) is associated with these metabolic comorbidities.
The association and evolution of SARS-CoV-2 infection in
patients with a preexisting liver disease like NAFLD are still
incompletely understood.

The current study aimed to investigate liver injury, clini-
cal features, and risk factors in patients with associated
mild, moderate, and severe COVID-19.

Patients and methods
Study design and participants

We retrospectively included all consecutive patients hospi-
talized for SARS-CoV-2 infection between February, 22 and
May, 16, 2020 at the emergency rooms (ERs) of two French
tertiary hospitals (Nouvel Hopital Civil and Hopital de Hau-
tepierre — University Hospital of Strasbourg). The study pro-
tocol was approved by the Ethics Committee of Strasbourg
University Hospital (CE-2020—138—26/08/2020).

Data collection

The data collected for the hospitalized patients suffering
from SARS-CoV-2 infection included their epidemiological
and medical history, clinical signs, and biological and imag-
ing data only at admission.
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1381 patients with
SARS-CoV-2 infection were admitted
at Emergency Room

662 patients were excluded:
- 12 for multiples hospitalisations,
- 27 admitted with a pathology that could
disturb the hepatic tests: liver metastasis,
cholangitis, cholecystitis, pancreatitis, etc.
- 57 transfered in other hospitals in Strasbourg,
- 539 for clinical (BMI) or biclogical (LFTs) data
missing,
- 27 for chronic liver disease: viral, alcohal,
autoimmune.

719 patients were enrolled in the study

Fig. 1  Flowchart of patients included in the study.

Three groups of patients were defined according to
the hospitalization: [1] mild disease: patients hospital-
ized at the emergency room (ER) and discharged from
the hospital without any indication of admission to a con-
ventional hospitalization unit (CHU) or intensive care
unit (ICU); [2] moderate disease: patients admitted to
the ER and hospitalized thereafter in a CHU without signs
of severe disease that would need intensive care support;
[3] severe disease: patients needing intensive care sup-
port on admission or during the hospitalization in a CHU,
patients hospitalized in the ICU, and patients who died
during hospitalization in a CHU.

Liver tests were considered abnormal if the liver enzyme
values, i.e., aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), gamma-glutamyltransferase (GGT),
alkaline phosphatase (ALP), and total bilirubin (TBIL), were
elevated according to our laboratory upper limit of normal
(ULN). Different patterns were defined: hepatocellular, cho-
lestatic, and mixed patterns. The hepatocellular pattern
was considered if AST or ALT were elevated higher than ULN;
the cholestatic pattern if GGT or PAL were elevated up to
ULN; the mixed pattern was a combination of the first two
ones.

The exclusion criteria were described in the Fig. 1, as fol-
lows: patients with multiple hospitalizations for COVID-19,
hospitalization for a pathology that may disturb LFTs (liver
metastasis, cholangitis, cholecystitis, pancreatitis), patients
transferred to other hospitals in Strasbourg or elsewhere,
lost to follow-up or with missing clinical and biological data,
patients with underlying chronic liver disease (viral, alcohol,
autoimmune). Patients with diagnosed NAFLD were included
in the study.

Moreover, NAFLD was diagnosed using the hepatic steato-
sis index (HSI =8 x [ALT/AST] + body mass index [BMI] [+ 2 if
type 2 diabetes yes, + 2 if female]) > 36 points [6] and the

severity related to the stage fibrosis with NAFLD fibrosis
score (NFS) [7]. This HSI has been validated in COVID-19
patients to evaluate NAFLD [8—10]. The fibrosis was also
evaluated using fibrosis-4 index (FIB-4): low (< 1.30), inter-
mediate (1.30-2.67), and high (> 2.67) [11]. To evaluate
the severity of the metabolic liver disease, we analyzed the
different FIB-4 scores in patients diagnosed with NAFLD
according to the HSI score.

Quantitative real-time reverse transcriptase-polymer-
ase chain reaction (RT-PCR) tests for SARS-CoV-2 nucleic
acid were performed on admission with nasopharyngeal
swabs. The primer and probe sequences targeted two
regions on the RdRp gene and were specific to SARS-CoV-
2. The assay sensitivity was around 10 copies/reaction
(in-house method, Institut Pasteur, Paris, France) [12].

Chest computer tomography (CT) imaging was per-
formed on admission for each patient. The images were
classified based on the percentage of the whole lung
parenchyma affected by COVID-19 in the following six
groups: normal (no lesion), minimal (0%—10%), moderate
(11%—25%), important (26%—50%), severe (51%—75%),
and critical (> 75%) [13]. To simplify clinical data analy-
sis, the patients were divided into three subgroups:
< 25%, 26%—50%, and > 50%, according to their lesion
extension.

Statistics

The variables collected were expressed as the numbers
and frequencies for qualitative variables (ordinal and cat-
egorical) and minimum, maximum, median, mean, and
standard deviation for quantitative variables (discrete
and continuous). These data were summarized in the
descriptive phase.
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Table 1  Characteristics of patients with mild and moderate COVID-19 on admission.

Variable Mild COVID-19 (n=101) Moderate COVID-19 (n = 393) p-value
Age (years, SD¥) 57.7 (18.4) 65.7 (7) < 0.001
Gender (male,%) 52 (51.4) 198 (50.4) 0.468
BMI (kg/m?, SD) 26.9 (4.9) 28.8 (5) 0.004
Comorbidity

Diabetes (n,%) 21 (20.8) 105 (26.7) 0.251

Hypertension (n,%) 38 (37.6) 217 (55.2) 0.002

Dyslipidemia (n,%) 17 (16.8) 129 (32.8) 0.001

Chronic pulmonary disease (n,%) 19 (18.8) 94 (24) 0.291

Chronic cardiac disease (n,%) 19 (18.8) 106 (27) 0.097

Chronic kidney disease (n,%) 4 (4) 26 (6.6) 0.482

Cancer (n,%) 2(2) 20 (5.1) 0.277
Symptoms onset

“Flu-like” symptoms (n,%) 87 (86.1) 366 (93.1) 0.041

Respiratory symptoms (n,%) 87 (86.1) 351 (89.3) 0.014

Digestive symptoms (n,%) 40 (39.6) 208 (52.9) 0.019

Neurological symptoms (n,%) 45 (44.6) 184 (46.8) 0.738
Clinical features

Oxygen saturation Sa0, (%, SD) 96 (3.9) 92.1 (5.9) < 0.001

Debit of oxygen at admission (L/mn, sd) 0.4 (1.8) 2.3 (7.4) < 0.001

Systolic arterial pressure (mmHg, SD) 132.4 (17.9) 133.1 (25.8) 0.683
Laboratory tests

AST U/L (reference range 11—34) 30.4 (20.4) 45.5 (36.2) < 0.001

ALT U/L (reference range 8—41) 35.7 (27.5) 42.3 (34) 0.05

ALP U/L (reference range 41—117) 66.1(13.2) 76.1 (40.6) 0.938

GGT U/L (reference range 6—40) 30.2 (23.7) 87.6 (119.2) 0.004

Bilirubin umol/L, (reference range 1.7—21.0) 9.1 (4.9) 11.3 (18.3) 0.279

Albumin g/L, (reference range 35-50) 43.1 (3.9) 39.2 (5) < 0.001
Abnormality type (n,%)

Hepatocellular > ULN 39 (38.6) 221 (56.2) 0.002

Cholestatic > ULN 2 (16.7) 112 (61.2) 0.004

Mixed > ULN 0 (0) 72 (39.3) 0.004

PT (normal range > 70%) (%, SD) 92.6 (8) 87.9 (15.7) 0.042

CRP mg/L (reference range< 4) 36.1 (54.1) 87.9 (70.5) < 0.001

Leucocytes *10°/L 6.2 (2.6) 7(3.4) 0.02

(reference range 4.5—6.5)

Neutrophil count *10°/L 4.2 (2.2) 5.3(3) < 0.001

(reference range 1.3—7.7)

Lymphocytes *10°/L 1.5 (0.8) 1.2 (1.3) < 0.001

(reference range 1.0—4.0)

Lymphocytes *10°/L 31 (30.7) 200 (50.9) 0.001

< 1.0 (n,%)

Fibrinogen g/L (reference range: 2—4) 5(1.4) 5.9 (1.5) 0.016

Platelets *10°/L 236.2 (104.6) 226.3 (99.8) 0.331

(reference range: 150—400)

D-Dimers (reference range: 150—400) 765 (698) 2452.9 (4111.5) 0.05
Metabolic and fibrosis characteristics

FIB-4 status (n,%) < 0.001

<1.3 59 (58.4) 111 (28.3)

1.3-2.67 29 (28.7) 142 (36.2)

> 2.67 13 (12.9) 139 (35.5)

NAFLD (n,%) 62 (61.4) 249 (63.4) 0.73

NAFLD+ and FIB-4 (n,%) < 0.001

NAFLD + FIB-4 < 1.3 33(32.7) 62 (15.8)

NAFLD + FIB-4 1.3—2.67 19 (18.8) 94(23.9)

NAFLD + FIB-4 > 2.67 49 (48.5) 237 (60.3)

NFS (mean, SD) -2 (1.5) —0.7 (1.7) < 0.001
Radiologic findings

Severity of pneumonia (CTscan) < 0.001
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Table 1  (Continued)
Variable Mild COVID-19 (n=101) Moderate COVID-19 (n = 393) p-value
-absence 25 (26%) 24 (6.8%)
-< 25% 58 (60.4%) 185 (52.6%)
25-50% 10 (10.4%) 116 (33%)
> 50% 3 (3.1%) 27 (7.7%)
Delays from symptom onset to hospitalization (days, 7.2 (6.8) 7.6 (6.8) 0.592
SD)
Time of hospitalization (days, SD) 1(0.9) 10.6 (8.5) < 0.001

BMI: body mass index; SD: standard deviation; COVID-19: coronavirus disease 2019; AST: aspartate aminotransferase; ALT: alanine amino-
transferase; ALP: alkaline phosphatase; ULN: upper limit of the normal; GGT: gamma-glutamyl transferase; LFTs: liver function tests; PT:
prothrombin time; FIB-4: fibrosis-4; CRP: Creatine-reactive protein; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; CT:
computed tomography; HSI: hepatic steatosis index; NAFLD: non-alcoholic fatty liver disease; NFS: NAFLD fibrosis score; Sa0,: capillary

oxygen saturation; TBIL: total bilirubin.

For the bivariate analysis between groups, Fisher’s exact
test or Chi-squared tests were applied to compare qualita-
tive variables, and Wilcoxon or Student t-tests were
employed to compare quantitative variables.

To analyze the primary outcome, logistic regression was
carried out by selecting variables from the literature, per-
forming bivariate analysis, and then further selecting using
Akaike information criterion (AIC).

Missing data were imputed by multiple imputations if
they did not concern more than 30% of the data available;
otherwise, the variable was excluded from the model.

The alpha risk was set at 5%, and all analyses were per-
formed using R software, Version 4.0.

A multivariate analysis was performed after adjusting for
confounding factors that might disturb the LFTs on admis-
sion, such as hypoxemia (capillary oxygen saturation [SaO;]
< 93%, related to severe pneumopathy) [14] and hepato-
toxic drugs (acetaminophen; antibiotics) administered prior
to hospitalization. Hypotension, defined by systolic blood
pressure < 90 mmHg, was not considered because of the low
number of cases concerned (< 10).

Results

Between February, 22 and May, 15, 2020, a total of 1381
patients with SARS-CoV-2 infection were admitted to the
ERs. After excluding 662 patients according to our exclusion
criteria, 719 were included in the subsequent analyses, as
presented in the study flowchart (Fig. 1).

According to COVID-19 severity, 101(14%) patients dis-
played mild disease, 393 (54.7%) presented with moderate
disease, and 225 (31.3%) developed severe disease. The
mean hospitalization length was 11.7 + 12.8 days.

The mean age was 64.7 (19-97) years old, and 387
(58.8%) patients were men. Comorbidities were present in
513 (71.3%) patients, and the most common were
BMI> 25 Kg/m? in 479 (70.6%) and BMI> 30 Kg/m? in 240
(33.3%), hypertension in 386 (53.7%), dyslipidemia in 226
(31.5%), diabetes in 201 (28%), chronic cardiac disease in
232 (32.3%), chronic respiratory disease in 176 (24.5%),
chronic renal disease in 59 (8.2%), and cancer in 32 (4.5%).

Liver tests were performed on admission. The frequency of
different abnormal LFTs, such as AST, ALT, ALP, GGT, TBIL,

albumin, and prothrombin time (PT), was 57%, 35.9%, 11.4%,
56.5%, 5.8%, 18.4%, and 9.1%, respectively, while the mean val-
ues for these parameters were 53.8 (+85.1) u/L, 46.2 (+£67.6)
u/L, 74.2 (£39.1) u/L, 84.4 (104.4) u/L, 11.3 (£14.5) xmol/
L, 38.2 (£5.5) g/dL, and 87.8% (£14.7), respectively.

The LFTs exhibited a hepatocellular pattern in 60.9%,
cholestatic pattern in 63.1%, and mixed-type pattern in
46.8% of patients.

Comparison between mild and moderate COVID-19
on admission

Table 1 summarizes the clinical and biological characteris-
tics on admission for patients with mild and moderate
disease.

LFT laboratory data showed higher elevations of AST
(p < 0.001), ALT (p = 0.05), and GGT (p = 0.004) in addition
to lower albumin (p < 0.001) and PT (p = 0.042) in patients
with moderate versus mild COVID-19 (Table 1). AST levels
were higher in patients hospitalized in a CHU compared to
those in ER: 1—2xULN (p =0.001) and > 2xULN (p = 0.001).

Patients with moderate COVID-19 exhibited elevated GGT
levels compared to mild disease, 53.6% vs 16.7% (p = 0.016),
respectively and more disturbed hepatocellular (p = 0.002),
cholestatic (p = 0.004) and mixed-type (0.004) patterns.
These patients had also higher NFS (p < 0.001) and more
severe liver fibrosis than patients with mild COVID-19: 71.7%
had an intermediate/high FIB-4 fibrosis score compared to
41.6% with mild disease (p < 0.001). Patients with moderate
disease had more NAFLD with an intermediate/high FIB-4
score compared to patients with mild disease (p < 0.001)
(Table 1).

As can be seen in Table 2, after adjusting for confounding
factors that could disturb LFTs, such as hypoxemia and hepa-
totoxic drugs, patients with AST 2xULN and hepatocellular
pattern 2xULN had a 5.5-fold higher risk of being hospital-
ized (OR 5.599; 95% Cl: 1.29—24.25, p = 0.021 and OR 5.499;
95%Cl: 1.27—23.86; p = 0.023, respectively). Patients with
metabolic syndrome (the association of 3 metabolic risk fac-
tors (MRF)) had more than 2.5-fold higher risk of hospitaliza-
tion (OR 2.56; 95%Cl: 1.292-5.09, p = 0.007).

Moderate disease was associated with an intermediate
(OR 2.405; 95%Cl: 1.39—4.15; p = 0.002) and high (OR 5.415;
95%Cl: 2.69—10.89; p < 0.001) FIB-4 score. Similarly,
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Table 2 Factors associated with moderate COVID-19, after
adjusting for confounding factors.

OR 95%Cl p-value
MS (MRF1+2+3) 2.85 1.49-5.45 0.002
MS (MRF1+2+4) 2.56 1.29-5.09 0.007
MS (MFR1+3+4) 3.09 1.29-6.89 0.006
NFS score 1.754 1.27-2.43 < 0.001
FIB-4 2.405 1.39-4.15 0.002
(1.3-2.67)
FIB-4 > 2.67 5.415 2.69—-10.89 < 0.001
NAFLD+ and 0.404 0.20-0.81 0.011
FIB-4 < 1.30
ASTULN 0.395 0.23-0.66 < 0.001
AST>2 ULN 5.599 1.29-24.25 0.021
Hepatocellular 5.499 1.27-23.86 0.023
type > 2 ULN
GGT ULN 0.108 0.01-0.89 0.039
Cholestatic 11.915 1.45-98.27 0.021
type >ULN
Albumin 0.805 0.70-0.92 0.002
Neutrophil 1.13 1.02—1.25 0.023
count
Lymphocytes 2.196 1.33-3.64 0.002
< 1000/ L
Prothrombin 0.963 0.94-0.99 0.01
time
CRP 1.017 1.01-1.02 <0.001
CRP < 100 mg/L 0.29 0.14-0.62 < 0.001

OR: odd ratio; Cl: confidence interval; MS: metabolic syndrome,
MRF: metabolic risk factors: 1-obesity; 2-diabetes, 3-dyslipide-
mia, 4-hypertension.

Adjustment for confounding factors that could disturb LFTs, as
follows: hypoxemia (Sa0, < 93% related to severe pneumopathy)
[16]; hepatotoxic drugs (acetaminophen, antibiotics) adminis-
trated before hospitalization. Hypotension defined by systolic
blood pressure < 90 mmHg was not considered because of low
case number < 10.

patients with an elevated NFS had a higher risk of hospitali-
zation (OR 1.754 95%Cl: 1.27—-2.43; p < 0.001).

In multivariate analyses, patients with metabolic syn-
drome had almost a 2.4-fold risk of being hospitalized (OR
2.37; 95% Cl: 1.18—4.75, p = 0.015).

Comparison between mild/moderate and severe
COVID-19

We compared the clinical and laboratory tests and radiologi-
cal findings in patients with severe versus those with moder-
ate and mild COVID-19 disease (Table 3).

The laboratory liver tests showed more elevated AST
(p < 0.001), ALT (p = 0.002), and TBIL levels (p = 0.01), in
addition to lower albumin (p < 0.001) and PT (p < 0.001) in
severe disease patients (Table 3).

Concerning abnormal LFT patterns, severe COVID-19 was
associated with all types of patterns: hepatocellular
(p < 0.001), cholestatic (p = 0.028), and mixed (p < 0.001).

In severe disease patients, 89.3% had intermediate and
high FIB-4 scores compared to 65.5% of patients with moder-
ate and mild disease (p < 0.001). More patients with severe
COVID-19 had NAFLD associated with a high FIB-4: 72.8% vs.
57.9%, respectively (p < 0.001) (Table 3).

After adjusting for confounding factors, as described,
abnormal LFTs at admission such as AST> 2x ULN (OR 3.187;
1.99-5.08; p < 0.001), hepatocellular pattern > 2x ULN
(2.265; 95% Cl 1.48—3.45; p < 0.001), intermediate and high
FIB-4 score (OR 2.006; 95%Cl 1.09—3.67; p = 0.024 and OR
4.756; 95%Cl: 2.68—8.43; p < 0.001, respectively) or meta-
bolic syndrome (OR 2.45, 95%CI1.07-5.61, p = 0.03) were
associated with a worse evolution of the disease (Table 4).

In multivariate analyses, patients with high FIB-4 index
had 3-fold risk to develop a severe disease (OR 3.11; 95%Cl
1.4—6.91, p = 0.005).

Discussion

Coronavirus disease 2019, the pandemic caused by SARS-
CoV-2, has been associated with substantial morbidity and
mortality [15]. More information concerning SARS-CoV-2
infection is needed to rapidly identify patients likely to
develop severe disease, requiring adjusted care. This is the
first monocentric study that describes the outcome of a
large cohort of COVID-19 patients based on clinical, labora-
tory, and radiological data collected at admission, enabling
us to rapidly identify factors associated with outcomes that
predict mild, moderate, or severe disease at the time of hos-
pital admission the hospital.

Recently published studies have shown that patients
admitted for COVID-19 often present with abnormal liver
test, the incidence of liver injury ranging from 14% to 78%
[1,6,16]. Moreover, preexisting liver disease has been shown
to be associated with worsening infection prognosis [17].
However, the mechanistic events remain to be determined,
and the causes of LFTs may be multifactorial, including
causes unrelated to COVID-19. In contrast to previous stud-
ies, we analyzed only the laboratory liver tests at baseline in
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Table 3 Characteristics of patients with mild and moderate versus severe COVID-19 on admission.

Variable Mild and Moderate COVID-19 Severe COVID-19 (n = 225) p-value
(n = 494)
Age (years, SD¥) 63.1 (17.5) 68.3 (16.9) < 0.001
Gender (male,%) 251 (50.8) 138 (61.3) 0.94
BMI (Kg/m?) (mean, SD) 28.4 (5.9) 28.9 (5.9) 0.255
Comorbidity
Diabetes (n,%) 126 (25.5) 75 (33.3) 0.032
Hypertension (n,%) 255 (51.6) 131 (58.2) 0.107
Dyslipidemia (n,%) 146 (29.6) 80 (35.7) 0.118
Chronic pulmonary disease (n,%) 113 (23) 63 (28) 0.161
Chronic cardiac disease (n,%) 125 (25.3) 72 (32) 0.071
Chronic kidney disease (n,%) 30 (6.1) 29 (12.9) 0.003
Cancer (n,%) 22 (4.5) 10 (4.5) 1
Symptoms onset
“Flu-like” symptoms (n,%) 453 (91.7) 210 (93.3) 0.549
Respiratory symptoms (n,%) 438 (88.7) 208 (92.4) 0.435
Digestive symptoms (n,%) 248 (50.2) 96 (42.7) 0.064
Neurological symptoms (n,%) 229 (46.4) 106 (47.1) 0.872
Clinical features
Oxygen saturation Sa0, (%, SD) 92.9 (5.7) 85.3 (9.1) < 0.001
Debit of oxygen at admission (L/mn, sd) 1.9 (6.7) 6.5 (7.7) < 0.001
Systolic arterial pressure, mmHg 132.5 (20.8) 131.5 (20.9) 0.375
Laboratory tests
AST U/L (reference range, 11—34) 48 (87.8) 73.1 (64.6) < 0.001
ALT U/L (reference range, 8—41) 40.9 (32.8) 57.9 (110) 0.002
ALP U/L (reference range, 41—117) 75.2 (39) 72.3 (39.4) 0.178
GGT U/L (reference range, 6—40) 84.2(116.5) 84.7 (79.6) 0.087
Total Bilirubin xmol/l (reference range, 11.1 (17.5) 11.6 (6.9) 0.01
1.7-21.0)
Conjugated Bilirubin wmol/l (reference 3.7 (2.6) 4.2 (2.4) 0.055
range< 4.3)
Albumin g/, (reference range, 35—50) 39.7 (5) 36.4 (5.4) < 0.001
PT (normal range > 70%) (%, SD) 88.9 (14.6) 85.6 (14.7) < 0.001
Abnormality type (n,%)
Hepatocellular >ULN 260 (52.6) 178 (79.1) < 0.001
Cholestatic>ULN 114 (58.5) 81 (71.1) 0.028
Mixed type >ULN 72 (36.9) 72 (63.7) < 0.001
CRP mg/L (reference range< 4) 77.7 (70.6) 148.7 (92.6) < 0.001
Leucocytes *10°/1 6.9 (3.3) 8.6 (4.4) < 0.001
(reference range 4.5—6.5)
Neutrophil count *10°/1 5.1 (2.9) 6.9 (3.9) < 0.001
(reference range 1.3-7.7)
Lymphocytes *10°/1 1.2 (1.2) 1(1.5) < 0.001
(reference range: 1.0—4.0)
Lymphocytes *10°/L 231 (46.8) 137 (60.9) 0.001
< 1.0 (n,%)
Fibrinogen g/l (reference range 2—4) 5.8 (1.5) 6.8 (1.4) < 0.001
Platelets *10°/L 228.3 (99.8) 210.6 (5.4) 0.028
(reference range 150—400)
D-Dimers (reference range 150—400) 2302.9 (3956.9) 2849.6 (4072.5) 0.001
Metabolic and fibrosis characteristics
FIB-4 score (n,%) < 0.001
<13 170 (34.5) 24 (10.7)
1.3-2.67 171 (34.7) 67 (29.9)
> 2.67 152 (30.8) 133 (59.4)
NAFLD (n,%) 311 (63) 134 (59.8) 0.455
NAFLD+ and FIB-4 (n,%) < 0.001
NAFLD +FIB-4 < 1.3 95 (19.2) 20 (8.9)
NAFLD + FIB-4 1.3—-2.67 113 (22.9) 41 (18.3)
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Table 3  (Continued)
Variable Mild and Moderate COVID-19 Severe COVID-19 (n = 225) p-value
(n = 494)
NAFLD + FIB-4 > 2.67 286 (57.9) 163 (72.8)
NAFLD fibrosis score (mean, SD) —0.8 (1.8) —0.6 (1.6) 0.435
Radiologic findings
Severity of pneumonia (CTscan) < 0.001
-absence (n,%) 49 (10.9%) 10 (5%)
-<25% 243 (54.2%) 53 (26.6%)
25-50% 126 (28.1%) 75 (37.7%)
> 50% 30 (6.7%) 61 (30.7%)
Delays from symptoms onset to hospitalization 6.6 (6.2) 7.2 (5.3) 0.062
(days, SD)
Time of hospitalization 8.7 (8.5) 19.1 (12.8) < 0.001

SD, standard deviation mean values; BMI: body mass index; SD: standard deviation; COVID-19: coronavirus disease 2019; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; ULN: upper limit of the normal; GGT: gamma-glutamyl trans-
ferase; LFTs: liver function tests; PT: prothrombin time; FIB-4: fibrosis-4; CRP: Creatine-reactive protein; SARS-CoV-2: severe acute respi-
ratory syndrome coronavirus 2; CT: computed tomography; HSI: hepatic steatosis index; NAFLD: non-alcoholic fatty liver disease; NFS:
NAFLD fibrosis score; SaO,: capillary oxygen saturation; TBIL: total bilirubin.

order to avoid the anomalies induced by different drugs
administrated during the hospitalization.

In this present cohort, on admission, abnormal LFTs were
present in 68.9% of patients, being more elevated than those
previously reported in China at 14.9%, yet similar to those
estimated in the United States at between 40%—67.5%. This
controversy could be explained by the higher proportion of
obese and diabetic patients in occidental countries [18].

Hepatocellular parameters, such as the AST and ALT, were
elevated in 57% and 35.9% of patients, respectively, being
beyond 2xULN in 17.4% and 4%, respectively. Patients with
severe disease had a higher AST compared with moderate
and mild disease patients (p < 0.001). The ALT was also
more elevated in severe COVID-19 patients when compared
with the other patient groups (p = 0.02). After adjusting for
confounding factors, elevated transaminases, such as AST
> 2xULN, and hepatocellular pattern type > 2xULN were
associated with a 3-fold (p < 0.001) and almost 3.5-fold
(p < 0.001) higher risk, respectively, of a poorer clinical out-
come.

Recent studies have shown that SARS-CoV-2 binds angio-
tensin converting enzyme 2 (ACE2) receptors localized both
in the liver and bile duct cells. The expression is higher in
the cholangiocytes that may be associated with cholestatic
abnormalities (elevated ALP and GGT) rather than hepato-
cellular abnormalities (ASTand ALT) [1,20].

In our study, the ALP, GGT, and TBIL were elevated in
11.4%, 56.5%, and 5.8% of patients, respectively. Only an
abnormal GGT was associated with moderate disease
(GGT ULN, OR 0.108; 95%Cl: 0.013-0.89, p = 0.039).
Interestingly, ALP > 1—2xULN was more common in mod-
erate and mild disease (91.5%) than in severe disease
(83.9%) (p = 0.045). Our data confirm the hypothesis of
Hundt et al. reporting that the mechanism of liver dam-
age may be not caused by direct cytopathic effects of
the novel coronavirus [19].

Obesity was associated with COVID-19 disease severity
[21,22]. Indeed, in our study, 72.5% of patients that required
hospitalization were overweight, with 34.6% being obese.

The proportion of overweight patients increased with dis-
ease severity, as follows: 58.4% in mild, 71.8% in moderate,
and 73.3% in severe COVID-19. Moreover, the hospitalized
patients had a higher BMI compared to those discharged
from an ER: 28.9 vs. 26.9 Kg/m? (p = 0.001).

A strong association between obesity and the severity of
COVID-19 was previously reported, even in the absence of
other comorbidities, yet the underlying mechanism is
unclear [23].

Obesity is characterized by a chronic inflammatory
state and disrupted immune response. The main cyto-
kines responsible for chronic inflammation are tumor
necrosis factor-alpha (TNF-«), interleukin (Il)—6, and IL-1
beta(B) [5]. Moreover, SARS-CoV-2 may cause a hyper-
inflammatory reaction through the excessive release of
cytokines, a condition known as “cytokine storm,” that
may be enhanced by obesity, particularly in patients with
a preexisting liver disease like NAFLD [24]. Adipose tissue
may also be a viral reservoir and an immunological hub
for the inflammatory response [25]. Individuals with
severe obesity, diabetes, and hypertension are more
likely to be infected and are at a higher risk of complica-
tions and death due to COVID-19 [2].

Indeed, in our study, metabolic factors were associated
with the severity of COVID-19. Hypertension (p = 0.002) and
dyslipidemia (p = 0.001) were associated with moderate dis-
ease, and diabetes was associated with a severe course of
the disease (p = 0.032). Patients with metabolic syndrome
had a 2.5-fold higher risk to develop a moderate (p = 0.007)
or a severe disease (p = 0.033).

Abnormal GGT is commonly observed in NAFLD and is a
sensitive marker of steatosis [11]. In our study, the ALP was
elevated only in 11.4% of patients, and the mean values
were not significantly higher in mild disease compared to
moderate (p = 0.938) and severe forms (p = 0.178). More-
over, 56.5% of patients had abnormal GGT levels, and this
was correlated with the severity of COVID-19 when compar-
ing severe versus moderate (p = 0.02) and mild disease forms
(p=0.016).
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Table 4 Factors associated with moderate severe COVID-
19 after adjusting for confounding factors.
OR 95%Cl p-value
MS (MRF 2.45 1.07-5.61 0.033
1+2+3+4)
NFS 1.181 1.01-1.37 0.033
FIB-4 (1.3—2.67) 2.006 1.09-3.67 0.024
FIB-4 > 2.67 4.756 2.68-8.43 < 0.001
AST ULN 0.406 0.27-0.61 < 0.001
AST > 2 ULN 3.187 1.99-5.08 < 0.001
ALT ULN 0.716 0.48—1.05 0.09
Hepatocellular 2.265 1.48—3.45 < 0.001
type>ULN
Hepatocellular 3.404 2.12-5.47 < 0.001
type >2 ULN
GGT> 1-3 ULN 1.676 0.97-2.88 0.062
Albumin ULN 0.422 0.21-0.82 0.01
Albumin 0.871 0.82-0.92 < 0.001
Leucocytes 1.104 1.05-1.16 < 0.001
count
Neutrophil 1.136 1.07-1.21 < 0.001
count
CRP > 200 mg/L 2.785 1.66—4.66 < 0.001
CRP < 100 mg/L 0.441 0.29-0.65 < 0.001
Fibrinogen 1.317 1.05—-1.64 0.015
Lupus- 4.453 1.49-13.23 0.007

anticoagulant

OR: odd ratio; Cl: confidence interval; MS: metabolic syndrome,
MRF: metabolic risk factors: 1-obesity; 2-diabetes, 3-dyslipide-
mia, 4-hypertension.

Adjustment for confounding factors that could disturb LFTs, as
follows: hypoxemia (Sa02 < 93% related to severe pneumopa-
thy) [16], and hepatotoxic drugs (acetaminophen, antibiotics)
administrated before the hospitalization. Hypotension defined
by systolic blood pressure < 90 mmHg was not considered
because of the low humber of cases < 10.

The prognosis of liver mortality was related to liver fibro-
sis [26]. Liver fibrosis evaluated with the FIB-4 score was
associated with the severity of COVID-19 illness: 71.7% of
patients with intermediate/high FIB-4 scores needed

hospitalization compared to 41.6% of those with only mild
disease (p < 0.001), and it was higher in patients with severe
SARS-CoV-2 infection than in those with moderate and
mild disease (89.3% compared to 65.5%, respectively)
(p < 0.001). Patients who needed hospitalization had a more
elevated NFS compared to those who were discharged from
an ER (p =0.001).

We associated the FIB-4 scores in patients diagnosed with
NAFLD (Tables 2 and 4). In the hospitalized patients, 84.2%
had an intermediate/high FIB-4 compared to 67.3% of those
discharged from an ER (p < 0.001). In patients with a high
FIB-4, 72.8% had severe disease compared to the 57.9% of
those with moderate and mild disease (p < 0.001). More-
over, the patients with NAFLD without fibrosis (FIB-4 < 1.3)
were at a lower risk of hospitalization (OR 0.404; 95%Cl:
0.20-0.81; p < 0.011).

In the multivariate-adjusted analysis, patients with high
FIB-4 scores had an almost 3-fold greater risk of hospitaliza-
tion (p =0.011), and a worse course of disease (p < 0.001).

In the context of the COVID-19 pandemic, along with the
high prevalence of NAFLD in the general population, it is
mandatory to early identify patients at risk of developing a
severe disease. Applying non-invasive tests such as the FIB-4
and NFS in patients with metabolic liver disease could
enable us to better and more quickly identify these patients
that may have a poorer prognosis [27].

Our study had some limitations. First, the data were col-
lected retrospectively, and there was missing information
regarding the tobacco and alcohol consumption, several
clinical parameters (waist and hip circumferences), and lab-
oratory tests pertaining to metabolic syndrome, including
glucose, glycated hemoglobin, cholesterol, and triglycerides
levels. Second, while all patients underwent transaminase
measurements at admission, only half of them underwent
cholestasis enzyme assessment at admission, which could be
deemed as a limitation in the statistical analysis. Third, HIS
index was used in several publications to define NAFLD in
COVID 19 patients [8—10]. It is a simple, disponible score
that may help us to easy identify high-risk patients. His-limi-
tation is related to the elevated transaminases levels that
could underestimate the index.

In conclusion, obese patients with metabolic syndrome
and a preexisting liver disease, including NAFLD and liver
fibrosis, display a dysregulated hepatic innate immunity and
pro-inflammatory state that is likely to enhance the “cyto-
kine storm” due to SARS CoV-2 infection, leading to severe
COVID-19 disease. Thus, abnormal LFTs at admission predict
the outcome of COVID-19 patients.
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