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Abstract

Background & aims

SARS-Cov-2 infection manifests as a wide spectrum of clinical presentation and even now,

despite the global spread of the vaccine, contagiousness is still elevated. The aim of the

study was the evaluation of the impact of liver fibrosis assessed by FIB-4 and liver

impairment, assessed by cytolysis indices, on intrahospital mortality in COVID-19 subjects.

Methods

This is a retrospective observational cohort study, which involved 23 COVID Hospital Units

in Campania Region, Italy. Exposure variables were collected during hospital admission
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and at discharge. According to FIB-4 values, we subdivided the overall population in three

groups (FIB-4<1.45; 1.45<FIB-4<3.25; FIB-4>3.25), respectively group 1,2,3.

Results

At the end of the study, 938 individuals had complete discharged/dead data. At admission,

428 patients were in group 1 (45.6%), 387 in group 2 (41.3%) and 123 in group 3 (13.1%).

Among them, 758 (81%) subjects were discharged, while the remaining 180 (19%) individu-

als died. Multivariable Cox’s regression model showed a significant association between

mortality risk and severity of FIB-4 stages (group 3 vs group 1, HR 2.12, 95%CI 1.38–3.28,

p<0.001). Moreover, Kaplan-Meier analysis described a progressive and statistically signifi-

cant difference (p<0.001 Log-rank test) in mortality according to FIB-4 groups. Among dis-

charged subjects, 507 showed a FIB-4<1.45 (66.9%, group 1), 182 a value 1.45<FIB-

4<3.25 (24.1%, group 2) and 69 a FIB-4>3.25 (9.0%, group 3). Among dead subjects, 42

showed a FIB-4<1.45 (23.3%, group 1), 62 a value 1.45<FIB-4<3.25 (34.4%, group 2) and

76 a FIB-4>3.25 (42.3%, group 3).

Conclusions

FIB-4 value is significantly associated with intrahospital mortality of COVID-19 patients. Dur-

ing hospitalization, particularly in patients with worse outcomes, COVID-19 seems to

increase the risk of acute progression of liver damage.

1. Introduction

Since CoronaVirus Disease-19 (COVID-19) outbreak in 2019, World Health Organization has

reported more than 400 million confirmed cases, including almost 6 million deaths, and the

disease still represents a challenge for the healthcare systems [1]. SARS-CoV-2 infection mani-

fests as a wide spectrum of clinical presentation, from asymptomatic to critical illness and

death. Even now, many physio-pathologic insights are still unknown, and, despite the global

spread of the vaccine, contagiousness is still elevated [1, 2]. Moreover, despite new drugs intro-

duction to contrast the evolution, especially of COVID-19 respiratory systemic complications

in fragile patients, we still observe an elevated mortality rate and many post-COVID complica-

tions [1, 3–5]. It has been reported that the increased mortality is associated with the presence

of comorbidities [6]. For these reasons, clinician’s goal is to identify which risk factors could

mainly affect the length of in-hospital stay and outcomes of patients with COVID-19 [2].

COVOCA (observational study on the COVID-19 population hOspitalized in CAmpania

Region) is a multicentric study involving several COVID centers hospitals throughout Campa-

nia region during various waves of pandemic. In a previous report, we found that patients

affected by chronic liver disease (CLD) also presented a poorer outcome [7]. However, the lim-

ited sample size of subjects with known CLD did not allow us to better generalize the results,

and the lack of data to obtain a fibrosis score did not allow us to involve and stratify that

subpopulation.

In this study, the Fibrosis Index Based on 4 Factors (FIB-4) has been calculated for all sub-

jects belonging to the enrolled population, in order to evaluate liver fibrosis and to screen the

entire population for a liver damage, including those with and without known liver disease. In

particular, FIB-4 is a validated score, useful to screen a fibrosis impairment in a population
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with liver disease and could help clinicians to identify patients at highest risk of poor prognosis

[8]. It includes patient’s age, alanine aminotransferase (ALT), aspartate aminotransferase

(AST) and platelet count, which can be easily calculated by frontline providers. Moreover,

FIB-4 value can predict all-cause inpatient mortality and all liver-related outcomes among

individuals without known chronic liver diagnosis [9]. Consistently, in a large sample size of

subjects without known chronic liver disease followed for almost 10 years, some authors have

observed that FIB-4 scores with indeterminate- and high-risk values are associated with an

increased incidence of severe liver disease. Thus, it could be useful to suggest the presence of a

liver damage also in subjects who ignore to have an underlying liver disease, or are at high risk

to develop severe liver complicances [10].

Some authors have also observed how scores for liver disease (e.g., FIB-4, MELD, Clif-

SOFA), could be useful to predict the prognosis of COVID-19 patients with CLD [9–15]. How-

ever, MELD score is recognized as useful score to list subjects with chronic liver disease for

liver transplant, and to evaluate the response after transplant. ClifSOFA, another widespread

score, is recommended to predict an acute on chronic liver disease in patients with decompen-

sated chronic (cirrhotic) liver disease[16–18].

The aim of the study was the evaluation of the impact of liver fibrosis assessed by FIB-4 and

of liver impairment, assessed by both FIB-4 and cytolysis indices, on intrahospital mortality in

COVID-19 subjects, independently of known history of liver disease. In addition, as a second-

ary endpoint, the evaluation of the progression of liver injury indices during hospitalization,

assessed as difference between patients records from admission to discharge/death.

2. Materials and methods

2.1. Study design and participants

23 COVID hospital units in the Campania Region, Italy were involved in the COVOCA study,

a retrospective observational cohort study [19].

The study focused on adult patients (� 18 years old), with known or unknown chronic

liver disease, who were hospitalized due to SARS-CoV-2 infection between the period of 1st

November 2020 and 30th June 2021. Subjects with missing or incomplete laboratory and clini-

cal data at the beginning or at the end of their hospitalization were not considered for the

study. In particular, according to the aim of the study, patients for whom FIB-4 could not be

calculated were not included in the final analysis.

Electronic records and clinical charts of each hospitalized subject served as the primary

sources of data for the study. Prior to their inclusion, all patients provided written informed

consent, and the study itself received approval from the local Ethics Committees, adhering to

the principles outlined in the 1976 Declaration of Helsinki and its subsequent amendments.

2.2. Variables (Outcome and exposure)

SARS-CoV-2 infection diagnosis was determined using Real-Time Polymerase Chain Reaction

(RT-PCR) analysis of nasal-pharyngeal swab specimens.

Either death certificates or discharging letters were used to assess in-hospital mortality and

the length of stay. At the first day of admission and at discharge/exitus of subjects, the follow-

ing exposure variables were included: (a) Anthropometric and demographic characteristics;

(b) Anamnestic data, which encompassed the number of vaccinated individuals, the type of

vaccine received, the number of COVID-19 positive cases in the family, and the number of

days that elapsed between diagnosis and hospitalization; (c) Symptoms and signs experienced

by the patients, such as cough, anosmia, fever, diarrhea, chest and abdominal pain, dysgeusia

(including the day of onset), dyspnea and altered consciousness; (d) Information on pre-
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existing comorbidities including diabetes, smoking habits, chronic cardiac disease, hyperten-

sion, chronic liver disease (CLD) (from alcohol use, hepatitis B infection, hepatitis C infection,

Non-alcoholic Fatty Liver Disease (NAFLD), cirrhosis and other causes), chronic kidney dis-

ease (CKD), chronic respiratory disease, cancers and chronic neurological disorders; in partic-

ular, consistently with the aim of the study, and as previously described, diagnosis of CLD was

performed through anamnestic data [7]; (e) Details about the drugs administered at the begin-

ning of the hospitalization to treat the infection; (f) General blood analysis. In particular, we

considered data enrolled during the first day of admission and the last performed before the

event. Among the laboratory data collected for the COVOCA registry, specific attention was

given to AST, ALT, and platelet levels, as they were used to calculate Fibrosis-4 values.

FIB-4 was calculated retrospectively at the end of the hospitalization, to find out liver fibro-

sis in each patient, according to the most recent guidelines [20]. Moreover, according to FIB-4

values, the overall population was divided in three groups (FIB-4<1.45 as group 1; 1.45<FIB-

4<3.25 as group 2; FIB-4>3.25 as group 3) corresponding to not having advanced fibrosis,

indeterminate and having advanced fibrosis, respectively [9]. The FIB-4 index is calculated

using the formula:

FIB � 4 ¼
AgexASTLevel U

L

� �

PlateletCount 109

L

� �
x
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ALTlevels U
L

� �q

Diabetes mellitus was diagnosed in accordance with the guidelines set by the American Diabe-

tes Association (ADA), by extrapolating the diagnosis from anamnestic records and conduct-

ing laboratory examinations upon admission [21]. Similarly, the diagnosis of hypertension

followed the European Society of Hypertension and the European Society of Cardiology guide-

lines, as well as anamnestic data [22]. Heart failure, previous acute myocardial infarction

(AMI), ischemic cardiopathy, atrial fibrillation, and valvulopathy represented chronic cardiac

diseases and were diagnosed through medical history and clinical investigation. The diagnosis

of other diseases (e.g. CLD, chronic respiratory diseases, CKD, malignancies and neurologic

disorders) relied on the anamnesis of each subject.

2.3. Statistical analysis

Categorical data were described as frequencies in absolute and relative percentages. Continu-

ous variables were presented as either mean and standard deviation (SD) or median and inter-

quartile range (IQR), depending on their distribution, which was assessed using the Shapiro-

Wilk test. For what concerns missing data, categorical variables were classified as a specific cat-

egory labeled ’Missing’ for each variable, while for continuous variables, no imputation meth-

ods were used, and the missing information was represented as not applicable (N/A) in the

dataset. The population data were stratified into three groups based on their values of the

Fibrosis-4 (FIB-4) index. An overall p-value was calculated to determine the differences

between groups. The statistical tests used were ANOVA or Kruskal-Wallis test for continuous

data, depending on their distribution, and Chi-squared or Fisher’s exact tests for categorical

data, depending on the sample size. A p-value for trend was also calculated to assess linear

associations. The linear association between continuous variables AST, ALT, Platelet, and FIB-

4 was measured using Kendall’s τ_b coefficient. The results were also represented through the

categorical variable group of FIB-4. Kendall’s τ_b coefficient was interpreted as follows: very

weak if lower than ±10, weak if from ±10 to ±19, moderate if from ±20 to ±29, and strong if

higher than ±30. Multivariable Cox’s regression models were employed to evaluate the associa-

tions between outcomes and clinical variables previously considered in another study [23].

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 4 / 18

https://doi.org/10.1371/journal.pone.0296495


Hazard ratios (HR) and their corresponding 95% confidence intervals (CI) were calculated for

all models. The final multivariable Cox’s model was selected based on the concordance index

(C-index), preferring the model with the highest value. Survival analysis was conducted using

the Kaplan-Meier method to assess the in-hospital mortality risk related to the variable group

of FIB-4. The statistical significance was determined using the Log-Rank test. A risk function

for the continuous variable FIB-4 was plotted using the spline interpolation method. Addition-

ally, a Sankey plot was created to show the distribution of FIB-4 groups, and boxplots were

used to compare AST and Platelet levels with the outcome. The Mann-Whitney U test was per-

formed to assess the differences according to the outcomes. All analyses and procedures were

conducted using RStudio1 software (RStudio, Boston, MA, USA).

3. Results

3.1. Characteristics of overall and stratified population

In the enrolled population, 1,403 hospitalized subjects with positive swab for SARS-CoV-2

have been resulted eligible for the study and, of these, 224 have been excluded due to incom-

plete data on admission and/or at discharge. Finally, 1,179 patients have been included in the

study (66.9% males). The observed mean age has been 63 years (SD 15.1) and the median dura-

tion of hospitalization has been 15 days [IQR 9–22 days]. Symptoms appeared 6 days before

the admission [IQR 3–10 days] and at the beginning of hospitalization, moderate and severe

symptoms of acute respiratory distress syndrome (ARDS) were observed in 228 (19.3%) and

189 (16%) subjects respectively.

According to the Glasgow Coma Scales (GCS/15) 24 patients (2%) showed moderate to

severe impaired consciousness, whilst 1031 patients (87.4%) presented mild or non-impaired

consciousness. Respiratory supports with Venturi mask or nasal cannula were applied to treat

567 patients (48.1%) at the time of admission, whilst non-invasive ventilation (NIV) and oro-

tracheal intubation (OTI) were utilized with 361 patients (30.6%) and 20 patients (1.7%),

respectively. For what concerns drugs, the main administered was steroid (93.1%), whilst

monoclonal antibodies and antivirals were prescribed in 44 (4.1%) and 320 (29.5%) patients

respectively.

Finally, study population, both discharged/dead subjects, has been retrospectively subdi-

vided in three groups according to the stages of FIB-4 (FIB-4<1.45; 1.45<FIB-4<3.25; FIB-

4>3.25), respectively group 1, group 2 and group 3. All clinical characteristics at admission are

reported in Table 1. As previously stated, the variables AST, ALT and Platelet count have been

used to define the stages of FIB-4. In Table 1 the increase of the AST (group 1: 26.0 [20.0,36.0],

group 2: 35.5 [24.0,53.0] and group 3: 49.0 [35.0,80.0]; p-trend<0.001) and the decrease of the

Platelets (group 1: 277500 [223000,346000], group 2: 203000 [161000,242000] and group 3:

161000 [127000,195000]; p-trend<0.001) have affected the stages of FIB-4. Hence, a further

analysis on how predictor variables (AST, ALT, Platelets) and FIB-4 correlated among them-

selves was performed (Fig 1). A high linear association between AST vs ALT (τb = 0.477, FIB-4

vs AST (τb = 0.302 and FIB-4 vs Platelets (τb = −0.422 was showed. Indeed, high FIB-4 value

was directly correlated to high AST levels, whilst a low FIB-4 value was inversely correlated to

high Platelet value.

3.2. Survival and risk models

Of the 1179 patients enrolled for the analysis, 938 had complete discharged/dead data. During

the study period, 224 in-hospital mortality events have been recorded, with a cumulative inci-

dence of 19%.
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Table 1. Baseline characteristics of the study population presented as overall data and stratified according to FIB-4 stage.

Parameter Overall

(n = 1179)

FIB-4<1.45

(n = 546)

1.45<FIB-4<3.25

(n = 486)

FIB-4>3.25

(n = 147)

p-overall p-trend

Age, mean (SD) 62.5 (15.1) 56.6 (15.4) 66.0 (12.7) 72.7 (11.5) <0.001 <0.001

Sex, n (%)

M 789 (66.9) 349 (63.9) 335 (68.9) 105 (71.4) 0.108 0.038

F 390 (33.1) 197 (36.1) 151 (31.1) 42 (28.6)

Duration of hospitalisation, median

[IQR]

15.0 [9.0, 22.0] 15.0 [9.0, 21.0] 15.0 [9.0, 23.0] 14.0 [8.0, 20.0] 0.147 0.412

Any positive in the family, n (%) 222 (32.2) 107 (32.4) 93 (32.9) 22 (28.9) 0.806 0.702

1st positive in the family, n (%) 337 (67.5) 148 (64.6) 147 (68.7) 42 (75.0) 0.296 0.123

Days before hospitalisation, median

[IQR]

6.0 [3.0, 10.0] 7.0 [4.0, 10.0] 5.0 [2.0, 9.0] 5.0 [2.0, 8.0] 0.105 0.032

Body temp (˚C), mean (SD) 36.7 (0.9) 36.7 (0.9) 36.8 (0.9) 36.7 (0.9) 0.616 0.996

Respiratory rate (apm), median [IQR] 20.0 [16.0, 24.0] 19.0 [16.0, 22.2] 20.0 [16.0, 24.0] 20.0 [18.0, 25.0] <0.001 0.006

Heart rate (bpm), mean (SD) 85.9 (15.0) 86.3 (14.6) 85.2 (15.3) 86.1 (15.3) 0.494 0.435

Blood pressure (mmHg), mean (SD)

Systolic 132.8 (18.2) 132.5 (16.9) 133.8 (18.5) 130.9 (21.2) 0.201 0.785

Dyastolic 78.0 (10.9) 78.5 (10.6) 78.2 (11.0) 75.2 (11.7) 0.004 0.060

Oxygen saturation %, median [IQR] 94.0 [91.0, 96.0] 95.0 [91.0, 97.0] 94.0 [90.0, 96.0] 93.0 [90.0, 96.0] <0.001 <0.001

ARDS Scale, n (%)

Absent 340 (28.8) 182 (33.3) 133 (27.4) 25 (17.0) <0.001 <0.001

Mild 272 (23.1) 130 (23.8) 105 (21.6) 37 (25.2)

Moderate 228 (19.3) 101 (18.5) 101 (20.8) 26 (17.7)

Severe 189 (16.0) 71 (13.0) 77 (15.8) 41 (27.9)

Missing 150 (12.7) 62 (11.4) 70 (14.4) 18 (12.2)

GCS/15, n (%)

Mild/non-impaired consciousness 1031 (87.4) 499 (91.4) 411 (84.6) 121 (82.3) 0.001 0.002

Moderate/Severe impaired consciousness 24 (2.0) 3 (0.5) 14 (2.9) 7 (4.8)

Missing 124 (10.5) 44 (8.1) 61 (12.6) 19 (12.9)

Respiratory Severity Scale, n (%)

None 231 (19.6) 137 (25.1) 81 (16.7) 13 (8.8) <0.001 <0.001

Mask/Glasses/Cannula 567 (48.1) 253 (46.3) 237 (48.8) 77 (52.4)

NIV 361 (30.6) 152 (27.8) 157 (32.3) 52 (35.4)

OTI 20 (1.7) 4 (0.7) 11 (2.3) 5 (3.4)

Chronic Cardiac Disease, n (%) 274 (24.1) 87 (16.4) 135 (28.7) 52 (37.1) <0.001 <0.001

CKD, n (%) 107 (9.5) 33 (6.3) 50 (10.8) 24 (17.4) <0.001 <0.001

Hypertension, n (%) 646 (56.2) 253 (47.6) 297 (62.8) 96 (66.2) <0.001 <0.001

Diabetes, n (%) 244 (21.4) 88 (16.6) 111 (23.8) 45 (31.7) <0.001 <0.001

Smoking, n (%) 125 (14.3) 51 (12.5) 61 (16.8) 13 (12.9) 0.224 0.403

CLD, n (%) 52 (4.6) 18 (3.4) 20 (4.3) 14 (10.1) 0.004 0.004

Chronic Respiratory Disease, n (%) 176 (15.6) 68 (12.9) 73 (15.9) 35 (25.0) 0.002 <0.001

Chronic Neurological Disorder, n (%) 98 (8.6) 26 (4.9) 49 (10.5) 23 (16.2) <0.001 <0.001

Malign, n (%) 99 (8.8) 40 (7.6) 41 (8.9) 18 (12.9) 0.137 0.062

Laboratory

AST, median [IQR] 32.0 [22.0, 46.5] 26.0 [20.0, 36.0] 35.5 [24.0, 53.0] 49.0 [35.0, 80.0] <0.001 <0.001

ALT, median [IQR] 33.0 [21.0, 53.5] 35.0 [23.0, 55.0] 32.0 [21.0, 52.8] 30.0 [20.0, 49.0] 0.107 0.043

Platelets, median [IQR] 227000[176000,

293500]

277500 [223000,

346000]

203000 [161000,

242000]

161000 [127000,

195000]

<0.001 <0.001

Drugs

(Continued)
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A Cox’s multivariable model has been defined according to the following concepts: 1)

according to the clinical variables highlighted in the previous manuscript, the following Cox’s

regression models have been defined: 1. Clinical variables + FIB-4 Values; 2. Clinical variables

+ FIB-4 groups [23]; 3. Clinical variables + Platelets; 4. Clinical variables + AST; 5. Clinical

Table 1. (Continued)

Parameter Overall

(n = 1179)

FIB-4<1.45

(n = 546)

1.45<FIB-4<3.25

(n = 486)

FIB-4>3.25

(n = 147)

p-overall p-trend

Steroids, n(%) 1085 (93.1) 497 (91.9) 448 (93.5) 140 (95.9) 0.206 0.077

Monoclonal Abs, n(%) 44 (4.1) 13 (2.6) 23 (5.3) 8 (6.1) 0.051 0.020

Antivirals, n(%) 320 (29.5) 164 (32.2) 127 (28.9) 29 (21.5) 0.050 0.018

Abbreviations: FIB-4: Fibrosis Index Based on 4 Factors; SD: Standard Deviation; M: Male; F: Female; IQR: Interquartile Range; apm: acts per minute; bpm: beats per

minute; Body temp: body temperature; ARDS: Acute Respiratory Distress Syndrome; GCS: Glasgow Coma Score; RSS: Respiratory Severity Scale; NIV: Non-invasive

ventilation; OTI: Orotracheal Intubation; CKD: Chronic Kidney Disease; CLD: Chronic Liver Disease; Malign: Malignancies; AST: aspartate aminotransferase; ALT:

alanine aminotransferase; Abs: antibodies.

https://doi.org/10.1371/journal.pone.0296495.t001

Fig 1. Graphic matrix grouped by Fibrosis-4 stages. (Upper triangle) Kendall’s τb coefficient calculated for each pair of variables. (Diagonal)

Distribution for the variables. (Lower triangle) Scatterplot with linear representation.

https://doi.org/10.1371/journal.pone.0296495.g001
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variables + ALT; 6. Clinical variables + Platelets +AST; 7. Clinical variables + Platelets +ALT;

8. Clinical variables + Platelets +AST+ALT; 2) all these models were than compared with the

concordance index (C-index) and the multivariable model with the highest score was pre-

ferred. The multivariable Cox’s regression models presented general results similar to the pre-

vious work, but some of them showed a significant association between mortality risk and

FIB-4 Values (Model 1: HR 1.25, 95%CI 1.11–1.41; p<0.001), and the mortality risk is strongly

associated with FIB-4 group of advanced fibrosis (Model 2: group 3 vs group 1 -ref-, HR 2.12,

95%CI 1.38–3.28, p<0.001) [23]. Instead, the other models did not show a significant associa-

tion between mortality risk and FIB-4 exposure variables (S1 File). The Cox’s regression mod-

els 1 and 2 presented high C-index score (Model 1: 0.837; Model 2: 0.835) by choosing the

second for the stratification considered for the FIB-4. Multivariable Cox’s regression model

results are shown in Table 2.

A graphical and unadjusted evaluation of the FIB-4, as categorical and continuous variable,

was performed: Kaplan-Meier curves to evaluate the progressive and statistically significant

difference (Log-rank <0.001) in mortality according to FIB-4 groups were performed (Fig 2).

The mortality risk greatly increases for the group 3, with a halved survival after a median

hospitalisation time of 21 days. Moreover, a spline curve describes that the mortality risk

increases exponentially for values greater than 2 of FIB-4 values (Fig 3).

Table 2. Multivariable Cox’s regression model.

Multivariable analysis

Parameter HR 95% CI p-value

Age 1.03 1.02 1.05 <0.001

Sex

M (ref) 1

F 0.95 0.67 1.34 0.763

Respiratory rate 1.07 1.04 1.10 <0.001

Oxygen saturation 0.96 0.94 0.99 0.001

GCS/15

Mild impaired consciousness (ref) 1

Moderate/Severe impaired consciousness 2.17 1.06 4.45 0.034

Missing 0.78 0.36 1.69 0.528

Respiratory Severity

None (ref) 1

Mask/Glasses/Cannula 1.42 0.69 2.89 0.340

NIV 1.35 0.64 2.83 0.429

OTI 15.43 6.48 36.74 <0.001

Chronic Cardiac Disease 1.66 1.17 2.35 0.004

CKD 1.92 1.30 2.05 <0.001

Chronic Respiratory Disease 1.45 1.03 2.05 0.033

FIB-4 Stages

FIB-4<1.45 (ref) 1

1.45<FIB-4<3.25 1.18 0.81 1.73 0.392

FIB-4>3.25 2.12 1.38 3.28 <0.001

Antivirals 0.45 0.28 0.72 <0.001

Abbreviations: HR: Hazard Ratio; M: Male; F: Female; GCS: Glasgow Coma Score; NIV: Non-invasive ventilation;

OTI: Orotracheal Intubation; CKD: Chronic Kidney Disease; FIB-4: Fibrosis Index Based on 4 Factors

https://doi.org/10.1371/journal.pone.0296495.t002
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3.3. Subjects prognosis, based on FIB-4 groups, from admission to

discharge/death

Among the overall population, 938 individuals had complete admission and discharged/dead

data.

At admission, 428 patients showed a FIB-4<1.45 (45.6%, group 1), 387 a value 1.45<FIB-

4<3.25 (41.3%, group 2) and 123 a FIB-4>3.25 (13.1%, group 3) (Fig 4).

At the end of hospitalization, 549 patients were in group 1 (58.5%), 244 in group 2 (26%)

and 145 in group 3 (15.6%). Among them, 758 (81%) subjects were discharged, while the

remaining 180 (19%) individuals died.

Among discharged subjects, 507 showed a FIB-4<1.45 (66.9%, group 1), 182 a value

1.45<FIB-4<3.25 (24.1%, group 2) and 69 a FIB-4>3.25 (9.0%, group 3). Among dead sub-

jects, 42 showed a FIB-4<1.45 (23.3%, group 1), 62 a value 1.45<FIB-4<3.25 (34.4%, group 2)

and 76 a FIB-4>3.25 (42.3%, group 3).

The variation of FIB-4 value from the admission to the end of hospitalization, across the

FIB-4 groups and according to the outcome (discharged or dead), was described in the Sankey

plot (Fig 4).

Fig 2. Kaplan-Meier according to the stages of FIB-4 with risk table.

https://doi.org/10.1371/journal.pone.0296495.g002
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Moreover, boxplots showed AST and Platelets patients variation from admission to the dis-

charge, according to the outcomes (Fig 5).

Panel A shows the variation AST for discharged group between Pre (Up boxplot) and Post

(Down boxplot) hospitalisation. Panel B shows the variation AST for dead group between Pre

(Up boxplot) and Post (Down boxplot) hospitalisation. Panel C shows the variation Platelet for

discharged group between Pre (Up boxplot) and Post (Down boxplot) hospitalisation. Panel D

shows the variation Platelet for dead group between Pre (Up boxplot) and Post (Down box-

plot) hospitalisation. In the discharged group, we observed a statistically significant variation

according to decrease in AST values (Panel A, pre- hospitalisation: 32.0 [22.0–46.0], post- hos-

pitalisation: 25.0 [18.0–36.0]; p<0.001 Mann-Whitney U test), whilst a non-significant varia-

tion to Platelets values (Panel C, pre- hospitalisation: 233000 [184000–296750], post-

hospitalisation: 239500 [174250–311750]; p = 0.960 Mann-Whitney U test). Instead, in the

dead group a non-statistically significant variation was observed to AST values (Panel B, pre-

hospitalisation: 37.0 [25.5–54.0], post-hospitalisation: 33.0 [25.0–54.0]; p = 0.812 Mann-Whit-

ney U test), whilst a significant downward movement for Platelets values (Panel D, pre-hospi-

talisation: 207500 [157500–265000], post- hospitalisation: 180000 [110000–248500]; p<0.001

Mann-Whitney U test). All panels described are shown in Fig 5.

In addition, we performed a sub-analysis related to subjects who were supported by

hepatotoxic therapy, to consider whether AST and Platelets levels changed over time

Fig 3. Spline function. Spline function is calculated for the FIB-4 values (red line) and its confidence interval (yellow dotted line).

https://doi.org/10.1371/journal.pone.0296495.g003
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according to the outcome. However, no statistically significant values variation was

observed (S2 File).

4. Discussion

As suggested by EASL guidelines, FIB-4 is considered as a surrogate marker of fibrotic degen-

eration and liver disease, useful to stratify patients with liver disease of both viral and metabolic

origin [20, 24]. In this study, there is a significant association between the increasing values of

FIB-4 and the worsening of the COVID-19 infected patients prognosis, clearly outlined by the

Multivariable Cox’s regression model (Table 2), the Kaplan-Meier curve (Fig 2) and by Sankey

plot (Fig 4). In particular, this association is significant for values>3.25 (group 3 vs group 1

-ref-, HR 2.12, 95%CI 1.38–3.28, p<0.001), thus indicating that the higher the liver fibrosis

and the greater the risk of worst outcome in subjects with SARS-Cov-2 infection. Consistently

with previous literature, values of FIB-4 >3.25 have a high sensitivity and specificity as surro-

gate reference for fibrosis diagnosis (sensitivity of 60–92%, a specificity of 64–75%) [25].

Fig 4. Sankey plot. Sankey plot subdivided according to the outcome and describing the variation of FIB-4 stages during hospitalisation time.

https://doi.org/10.1371/journal.pone.0296495.g004
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Moreover, liver fibrosis and liver disease could strongly impact the mortality and prognosis of

patients affected by COVID-19 [26–28]. Consistently, and as an element of originality

highlighted by the Multivariable Cox’s regression model, the risk increases progressively from

the first to the third group of FIB-4, and for this latter the risk is doubled (Table 2). Further-

more, from the Survival analysis (Fig 2) we can observe that patients who showed a high value

of FIB-4 at the admission, are those who display the worst outcome. This result seems thus

confirm previous observations on the usefulness of high value of FIB-4 as risk factor in this

context [26–28]. Moreover, Sankey plot (Fig 4) on discharged and dead subjects, seems reveal

that most of infected subjects who confirmed their FIB-4 severity stage, or developed a worsen-

ing of FIB-4 at the end of hospitalization, showed the worst outcome.

As recently described, it seems that SARS-Cov-2 presents a specific tropism for many

organs and tissues, including liver cells [7, 29, 30]. This tropism could explain why an increase

in transaminases and FIB-4 values, indicative of an acute liver damage, can be observed in sub-

jects affected by COVID-19. Consistently, a subgroup of patients with acute COVID-19 infec-

tion, showed high AST and FIB-4 values at baseline, with a subsequent increase in those values

Fig 5. Boxplots graphic for AST and Platelets with p value (Mann-Whitney U test).

https://doi.org/10.1371/journal.pone.0296495.g005
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at the end of hospitalization (Table 1 and Fig 4). On the other hand, most of individuals with

better outcome (discharged) developed a significant reduction in FIB-4 and AST levels (Figs 4

and 5). Consistently, Kolesova et al. have shown that in a population of patients with acute

COVID-19, 52% of subjects showed a FIB-4>1.45, and 29% a FIB-4�3.25. In the same study,

in the subgroup of post-COVID subjects, 5% and the 2% of patients showed FIB-4>1.45 and

FIB-4�3.25 respectively [31]. Other authors have observed that abnormal liver function,

described through an acute raising in levels of ALT or AST, could persist after 1 year follow-up

in subjects with previous COVID-19 [32]. This data demonstrates how, at least in a part of sub-

jects, the infection could determine a systemic and multiorgan damage. In particular, liver

impairment could then persist, even for few weeks or more time after the acute infection, inde-

pendently of pre-existing liver diseases [31, 33].

Studies on histological tissues from COVID-19 patients, have described how the virus can

induce an inflammatory reaction both at systemic and local hepatic level, through the activa-

tion of inflammatory cytokines interleukin 6 (IL-6) and interferon gamma-induced protein

(IL-6 e IP-10) [34]. This reaction would be responsible for the direct liver damage, highlighted

by the increase in cytolysis markers (AST and ALT) and the increase in FIB-4 levels. Further-

more, the same increase in FIB-4, both at baseline and during hospitalization, could be indica-

tive of a rapid loss of liver function and a rapid evolution of fibrotic degeneration [29].

Some authors have shown that the elevation of this marker in patients with COVID-19 is

associated with both a greater risk of mortality and a worsening of respiratory disease [14, 27,

35]. Others suggest that FIB-4<1.45 is a protective factor, thus underlining once again the use-

fulness of the score in the stratification risk of patients with COVID-19 [36]. Consistently,

FIB-4 here is associated with a worse outcome and a greater risk of mortality. Moreover, and

as a point of originality, the Kaplan-Meier curve shows how the prognosis changes consider-

ably among the various subgroups, already after a few days of hospitalization (Fig 2).

CLD is still a widespread disease in Italy, with prevalence rates close to 10–20% of the entire

population, particularly in the southern regions [37–39]. The main recognized causes of CLD

are viral hepatitis and alcoholic liver disease, while other causes of liver disease account for the

10–15% of all conditions [40]. The prevalence of CLD in the overall population seems thus dis-

cordant. However, the lack of performing some specific diagnostic methods, such as magnetic

resonance imaging, liver biopsy and ultrasound, due the high risk of contagion in the pan-

demic context, could be a reason of this discrepancy (Table 1). As a result, the number of sub-

jects with CLD could be underrated, as compared to epidemiological studies published before

the pandemic period.

The study presents some but significant limitations. Laboratory data have been collected

retrospectively at the admission and at discharge of patients, while those collected during hos-

pitalization are missing. For this reason, the study lacks of precise dates on the start and end of

therapy. Moreover, given the small number of subjects vaccinated in that period, it was not

possible to assess the impact of the vaccine on liver damage. Thirdly, FIB-4 score is not a diag-

nostic marker for CLD, due to a high risk of overdiagnosis and a non-negligible percentage of

false-negatives in some populations [41]. In addition, there is still lack of evidence to better

define its role in subjects without known CLD. More specific laboratory data (e.g. autoantibod-

ies, viral hepatitis diagnostic markers) and the use of diagnostic tools (autoantibodies, mag-

netic resonance and liver biopsy) would have been useful to better identify subjects with CLD,

and underlying causes, in the overall population. However, the hospital context during pan-

demic has severly limited the capability to reach all this kind of informations and to perform

those methods.
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5. Conclusions

In conclusion, it seems that the indicators of liver damage, particularly FIB-4, are significantly

associated with the prognosis of patients affected by COVID-19. In addition, it is possible to

observe how in a short period of time, particularly in patients with worse outcomes, this infec-

tious disease could cause an acute damage of liver. This damage, highlighted by the changes in

the laboratory index and FIB-4 values during hospitalization, could be the result of an evolu-

tion of an unrecognized liver disease or of a new damage induced by the SARS-Cov-2 virus.

For the physician, the use of these scores can be extremely useful in clinical practice to iden-

tify high-risk patients by acting as a surrogate of the liver biopsy, Fibroscan and the ultrasound

evaluation. Furthermore, in a hospital context in which it is mandatory to keep the distance

with the infected patient, these markers can be extremely useful to avoid increasing the risk of

contagion, compared to instrumental methods that require close contact with the infected

patient [42, 43]. Moreover, it seems that SARS-Cov-2 infection could cause an acute liver dam-

age with a rapid prognosis deterioration. For this reason, in this context it is extremely impor-

tant for the clinician be able to quickly evaluate non invasive markers of acute liver damage.

However, there is still little evidence in this field and further studies are requested to better

describe the pathophysiological mechanisms underlying the link between COVID-19 and liver

damage and liver fibrosis scores.

Supporting information

S1 File. Cox’s regression model according to the clinical variables.

(DOCX)

S2 File. Tables and panel describing AST and Platelets levels change over time for subjects

on hepatotoxic therapy.

(DOCX)

S1 Data set.

(XLSX)

Acknowledgments

COVOCA Study Group: Dr. Alfredo Caturano, Dr. Erica Vetrano, Dr. Giulia Medicamento,

Dr. Maria Alfano, Dr. Domenico Beccia, Dr. Chiara Brin, Dr.Sara Colantuoni, Dr. Jessica Di

Salvo, Dr. Raffaella Epifani (Unit of Internal Medicine, Department of Advanced Medical and

Surgical Sciences, University of Campania “Luigi Vanvitelli”, Naples), Prof. Nicola Coppola,

Dr.ssa Caterina Monari and Giulia De Angelis (Centro COVID A.O.U. Vanvitelli, Department

of Mental Health and Public Medicine, Naples); Prof. Cecilia Calabrese, Dr. Paola Maria

Medusa, Dr. Gaia Pugliese, and Dr. Nicola Carro (Pneumologia Vanvitelli-AORN Ospedali

dei Colli); Dr. Roberto Parrella and Dr. Gianfranco Gaglione (Cotugno Hospital—U.O.C.

Respiratory Infectious Diseases); Dr. Fiorentino Fraganza (Cotugno Hospital–U.O.C. Aneste-

sia and Intensive Care Unit); Dr. Costanza Sbreglia and Dr. Serena Parente (Cotugno Hospital

—U.O.C. Infectious Diseases of the Elderly); Dr. Nicola Maturo and Dr. Paolina Lumino

(Cotugno Hospital—U.O.S.D. Infectious Diseases Emergency and Acceptance); Dr. Vincenzo

Esposito and Dr. Annamaria Rossomando (Cotugno Hospital–IVth Division of Immunodefi-

ciency and Gender Infectious Diseases,); Dr. Giosuele Calabria, Mario Catalano and Laurenza

Paradiso (Cotugno Hospital–IXth Division of Infectious Diseases and Interventional Ultra-

sound); Dr. Carolina Rescigno and Dr. Raffaella Pisapia (Cotugno Hospital–U.O.C. Infectious

Diseases and Neurology); Dr. Carolina Bologna (Internal Medicine Unit, Ospedale Del Mare,

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 14 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296495.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296495.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0296495.s003
https://doi.org/10.1371/journal.pone.0296495


Naples); Dr. Antonio Pagano and Dr. Fabio Numis (Emergency and Acceptance Unit, "Santa

Maria delle Grazie" Hospital, Pozzuoli); Dr. Laura Vocciante, Antonio Asti and Michele Lan-

gella (General Medicine Unit—Loreto Mare Hospital, Naples); Dr. Riccardo Nevola (Sant’Ot-

tone Frangipane Hospital, Ariano Irpino (Avellino)); Dr. Maria Amitrano, Sara Mangiacapra

and Mariangela Raimondo (U.O.C. Internal Medicine—Moscati Hospital, Avellino); Dr.

Annamaria Romano (U.O.C. Pneumology—Moscati Hospital, Avellino); Dr. Carmine Cop-

pola and Ferdinando Scarano (COVID Center "S. Anna e SS. Madonna della Neve" Hospital,

Boscotrecase); Dr. Alessandro Perrella, Andrea Del Mastro and Rodolfo Nasti (Cardarelli Hos-

pital, Naples); Dr. Benedetto Polverino ("Giovanni da Procida" Hospital, Salerno); Dr. Pier-

paolo Di Micco (Ospedale Buonconsiglio Fatebenefratelli-Napoli); Prof. Paolo Maggi, Dr.

Alessio Codella and Paolo Cirillo (U.O.C. Infectious and Tropical diseases, S. Anna e S. Sebas-

tiano Hospital, Caserta); Dr. Pellegrino De Lucia Sposito (Covid Center—Maddaloni

Hospital)

The Authors thank all the colleagues, nurses and workers who are facing COVID 19

disease.

Author Contributions

Conceptualization: Raffaele Galiero, Giuseppe Loffredo, Alfredo Caturano, Ferdinando Carlo

Sasso.

Data curation: Raffaele Galiero, Giuseppe Loffredo, Vittorio Simeon, Erica Vetrano, Giulia

Medicamento, Maria Alfano, Domenico Beccia, Chiara Brin, Sara Colantuoni, Jessica Di

Salvo, Raffaella Epifani, Riccardo Nevola, Ferdinando Carlo Sasso.

Formal analysis: Giuseppe Loffredo, Vittorio Simeon, Paolo Chiodini.

Investigation: Erica Vetrano, Carmine Coppola, Ferdinando Scarano, Paolo Maggi, Cecilia

Calabrese, Pellegrino De Lucia Sposito, Carolina Rescigno, Costanza Sbreglia, Fiorentino

Fraganza, Roberto Parrella, Annamaria Romano, Giosuele Calabria, Benedetto Polverino,

Antonio Pagano, Fabio Numis, Carolina Bologna, Mariagrazia Nunziata, Vincenzo Espo-

sito, Nicola Coppola, Nicola Maturo, Rodolfo Nasti, Pierpaolo Di Micco, Alessandro Per-

rella, Luca Rinaldi.

Methodology: Vittorio Simeon.

Supervision: Raffaele Marfella, Celestino Sardu, Luigi Elio Adinolfi, Marina Di Domenico.

Validation: Marina Di Domenico.

Writing – original draft: Raffaele Galiero, Giuseppe Loffredo, Vittorio Simeon, Alfredo

Caturano, Ferdinando Carlo Sasso.

Writing – review & editing: Raffaele Galiero, Giuseppe Loffredo, Alfredo Caturano, Paolo

Chiodini, Ferdinando Carlo Sasso.

References

1. WHO coronavirus (COVID-19) dashboard. Geneva: World Health Organization, 2021 (https://covid19.

who.int. opens in new tab). Google Scholar

2. Antonelli M, Penfold RS, Merino J, Sudre CH, Molteni E, Berry S et al. Risk factors and disease profile

of post-vaccination SARS-CoV-2 infection in UK users of the COVID Symptom Study app: a prospec-

tive, community-based, nested, case-control study. Lancet Infect Dis. 2022 Jan; 22(1):43–55. https://

doi.org/10.1016/S1473-3099(21)00460-6 PMID: 34480857

3. Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A, Delos Reyes V et al.

MOVe-OUT Study Group. Molnupiravir for Oral Treatment of Covid-19 in Nonhospitalized Patients. N

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 15 / 18

https://covid19.who.int
https://covid19.who.int
https://doi.org/10.1016/S1473-3099%2821%2900460-6
https://doi.org/10.1016/S1473-3099%2821%2900460-6
http://www.ncbi.nlm.nih.gov/pubmed/34480857
https://doi.org/10.1371/journal.pone.0296495


Engl J Med. 2022 Feb 10; 386(6):509–520. https://doi.org/10.1056/NEJMoa2116044 Epub 2021 Dec

16. PMID: 34914868; PMCID: PMC8693688.

4. Gupta A, Gonzalez-Rojas Y, Juarez E, Crespo Casal M, Moya J, Falci DR et al. COMET-ICE Investiga-

tors. Early Treatment for Covid-19 with SARS-CoV-2 Neutralizing Antibody Sotrovimab. N Engl J Med.

2021 Nov 18; 385(21):1941–1950. https://doi.org/10.1056/NEJMoa2107934 Epub 2021 Oct 27. PMID:

34706189.

5. Valdenassi L, Franzini M, Ricevuti G, Rinaldi L, Galoforo AC, Tirelli U. Potential mechanisms by which

the oxygen-ozone (O2-O3) therapy could contribute to the treatment against the coronavirus COVID-

19. Eur Rev Med Pharmacol Sci. 2020 Apr; 24(8):4059–4061. https://doi.org/10.26355/eurrev_

202004_20976 PMID: 32374009.

6. Kowsar R, Rahimi AM, Sroka M, Mansouri A, Sadeghi K, Bonakdar E et al. Risk of mortality in COVID-

19 patients: a meta- and network analysis. Sci Rep. 2023 Feb 6; 13(1):2138. https://doi.org/10.1038/

s41598-023-29364-8 PMID: 36747045; PMCID: PMC9901837.

7. Galiero R, Pafundi PC, Simeon V, Rinaldi L, Perrella A, Vetrano E et al. COVOCA Study Group. Impact

of chronic liver disease upon admission on COVID-19 in-hospital mortality: Findings from COVOCA

study. PLoS One. 2020 Dec 10; 15(12):e0243700. https://doi.org/10.1371/journal.pone.0243700 PMID:

33301529

8. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J et al. APRICOT Clinical Investiga-

tors. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV

coinfection. Hepatology. 2006 Jun; 43(6):1317–25. https://doi.org/10.1002/hep.21178 PMID: 16729309

9. Xiang F, Sun J, Chen PH, Han P, Zheng H, Cai S et al. Early Elevation of Fibrosis-4 Liver Fibrosis

Score Is Associated With Adverse Outcomes Among Patients With Coronavirus Disease 2019. Clin

Infect Dis. 2021 Aug 2; 73(3):e594–e601. https://doi.org/10.1093/cid/ciaa1710 PMID: 33909004

10. Schreiner AD, Zhang J, Moran WP, et al. FIB-4 and incident severe liver outcomes in patients with undi-

agnosed chronic liver disease: A Fine-Gray competing risk analysis. Liver Int. 2023; 43(1):170–179.

https://doi.org/10.1111/liv.15295 PMID: 35567761

11. Kim SW, Jeon JH, Moon JS, Kim MK. High Fibrosis-4 Index Is Related with Worse Clinical Outcome in

Patients with Coronavirus Disease 2019 and Diabetes Mellitus: A Multicenter Observational Study.

Endocrinol Metab (Seoul). 2021; 36(4):800–809. https://doi.org/10.3803/EnM.2021.1040 PMID:

34418914

12. Elfeki MA, Robles J, Akhtar Z, Ullah F, Ganapathiraju I, Tran C et al. Impact of Fibrosis-4 Index Prior to

COVID-19 on Outcomes in Patients at Risk of Non-alcoholic Fatty Liver Disease. Dig Dis Sci. 2022 Jul;

67(7):3333–3339. https://doi.org/10.1007/s10620-021-07120-0 Epub 2021 Jun 26. PMID: 34173917

13. Forlano R, Mullish BH, Mukherjee SK, Nathwani R, Harlow C, Crook P et al. In-hospital mortality is

associated with inflammatory response in NAFLD patients admitted for COVID-19. PLoS One. 2020

Oct 8; 15(10):e0240400. https://doi.org/10.1371/journal.pone.0240400 PMID: 33031439

14. Crisan D, Avram L, Grapa C, Dragan A, Radulescu D, Crisan S et al. Liver Injury and Elevated FIB-4

Define a High-Risk Group in Patients with COVID-19. J Clin Med. 2021 Dec 28; 11(1):153. https://doi.

org/10.3390/jcm11010153 PMID: 35011894

15. Iavarone M, D’Ambrosio R, Soria A, Triolo M, Pugliese N, Del Poggio P et al. High rates of 30-day mor-

tality in patients with cirrhosis and COVID-19. J Hepatol. 2020 Nov; 73(5):1063–1071. https://doi.org/

10.1016/j.jhep.2020.06.001 PMID: 32526252

16. Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver failure is a distinct syndrome that develops in

patients with acute decompensation of cirrhosis. Gastroenterology. 2013; 144(7):1426–1437.e14379.

https://doi.org/10.1053/j.gastro.2013.02.042 PMID: 23474284

17. Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver disease (MELD) and allocation of

donor livers. Gastroenterology. 2003; 124(1):91–96. https://doi.org/10.1053/gast.2003.50016 PMID:

12512033

18. Merion RM, Schaubel DE, Dykstra DM, Freeman RB, Port FK, Wolfe RA. The survival benefit of liver

transplantation. Am J Transplant. 2005; 5(2):307–313. https://doi.org/10.1111/j.1600-6143.2004.

00703.x PMID: 15643990

19. Pafundi PC, Galiero R, Simeon V, Rinaldi L, Perrella A, Vetrano E et al. COVOCA Study Group. Lack of

effect on in-hospital mortality of drugs used during COVID-19 pandemic: Findings of the retrospective

multicenter COVOCA study. PLoS One. 2021 Sep 14; 16(9):e0256903. https://doi.org/10.1371/journal.

pone.0256903 PMID: 34520465; PMCID: PMC8439483.

20. European Association for the Study of the Liver (EASL); European Association for the Study of Diabetes

(EASD); European Association for the Study of Obesity (EASO). EASL-EASD-EASO Clinical Practice

Guidelines for the management of non-alcoholic fatty liver disease. J Hepatol. 2016 Jun; 64(6):1388–

402. https://doi.org/10.1016/j.jhep.2015.11.004 Epub 2016 Apr 7. PMID: 27062661.

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 16 / 18

https://doi.org/10.1056/NEJMoa2116044
http://www.ncbi.nlm.nih.gov/pubmed/34914868
https://doi.org/10.1056/NEJMoa2107934
http://www.ncbi.nlm.nih.gov/pubmed/34706189
https://doi.org/10.26355/eurrev%5F202004%5F20976
https://doi.org/10.26355/eurrev%5F202004%5F20976
http://www.ncbi.nlm.nih.gov/pubmed/32374009
https://doi.org/10.1038/s41598-023-29364-8
https://doi.org/10.1038/s41598-023-29364-8
http://www.ncbi.nlm.nih.gov/pubmed/36747045
https://doi.org/10.1371/journal.pone.0243700
http://www.ncbi.nlm.nih.gov/pubmed/33301529
https://doi.org/10.1002/hep.21178
http://www.ncbi.nlm.nih.gov/pubmed/16729309
https://doi.org/10.1093/cid/ciaa1710
http://www.ncbi.nlm.nih.gov/pubmed/33909004
https://doi.org/10.1111/liv.15295
http://www.ncbi.nlm.nih.gov/pubmed/35567761
https://doi.org/10.3803/EnM.2021.1040
http://www.ncbi.nlm.nih.gov/pubmed/34418914
https://doi.org/10.1007/s10620-021-07120-0
http://www.ncbi.nlm.nih.gov/pubmed/34173917
https://doi.org/10.1371/journal.pone.0240400
http://www.ncbi.nlm.nih.gov/pubmed/33031439
https://doi.org/10.3390/jcm11010153
https://doi.org/10.3390/jcm11010153
http://www.ncbi.nlm.nih.gov/pubmed/35011894
https://doi.org/10.1016/j.jhep.2020.06.001
https://doi.org/10.1016/j.jhep.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32526252
https://doi.org/10.1053/j.gastro.2013.02.042
http://www.ncbi.nlm.nih.gov/pubmed/23474284
https://doi.org/10.1053/gast.2003.50016
http://www.ncbi.nlm.nih.gov/pubmed/12512033
https://doi.org/10.1111/j.1600-6143.2004.00703.x
https://doi.org/10.1111/j.1600-6143.2004.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/15643990
https://doi.org/10.1371/journal.pone.0256903
https://doi.org/10.1371/journal.pone.0256903
http://www.ncbi.nlm.nih.gov/pubmed/34520465
https://doi.org/10.1016/j.jhep.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27062661
https://doi.org/10.1371/journal.pone.0296495


21. American Diabetes Association. 2. Classification and Diagnosis of Diabetes: Standards of Medical Care

in Diabetes-2021. Diabetes Care. 2021 Jan; 44(Suppl 1):S15–S33. https://doi.org/10.2337/dc21-S002

Erratum in: Diabetes Care. 2021 Sep;44(9):2182. PMID: 33298413.

22. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M et al. List of authors/Task Force

members: 2018 Practice Guidelines for the management of arterial hypertension of the European Soci-

ety of Hypertension and the European Society of Cardiology: ESH/ESC Task Force for the Manage-

ment of Arterial Hypertension. J Hypertens. 2018 Dec; 36(12):2284–2309. https://doi.org/10.1097/HJH.

0000000000001961 PMID: 30379783

23. Galiero R, Simeon V, Loffredo G, Caturano A, Rinaldi L, Vetrano E et al. Association between Renal

Function at Admission and COVID-19 in-Hospital Mortality in Southern Italy: Findings from the Prospec-

tive Multicenter Italian COVOCA Study. https://doi.org/10.3390/jcm11206121 PMID: 36294442. 2022

Oct 17; 11(20):6121.

24. Vergniol J, Foucher J, Terrebonne E, Bernard PH, le Bail B, Merrouche W et al. Noninvasive tests for

fibrosis and liver stiffness predict 5-year outcomes of patients with chronic hepatitis C. Gastroenterol-

ogy. 2011 Jun; 140(7):1970–9, 1979.e1-3. https://doi.org/10.1053/j.gastro.2011.02.058 PMID:

21376047

25. Xu XL, Jiang LS, Wu CS, Pan LY, Lou ZQ, Peng CT et al. The role of fibrosis index FIB-4 in predicting

liver fibrosis stage and clinical prognosis: A diagnostic or screening tool? J Formos Med Assoc. 2022

Feb; 121(2):454–466. https://doi.org/10.1016/j.jfma.2021.07.013 PMID: 34325952

26. Sterling RK, Shin D, Shin Y, French E, Stevens MP, Bajaj JS et al. Fibrosis-4 Predicts the Need for

Mechanical Ventilation in a National Multiethnic Cohort of Corona Virus Disease 2019. Hepatol Com-

mun. 2021 Sep; 5(9):1605–1615. https://doi.org/10.1002/hep4.1737 PMID: 34510829

27. Pranata R, Yonas E, Huang I, Lim MA, Nasution SA, Kuswardhani RAT. Fibrosis-4 index and mortality

in coronavirus disease 2019: a meta-analysis. Eur J Gastroenterol Hepatol. 2021;33(1S Suppl 1):e368–

e374. https://doi.org/10.1097/MEG.0000000000002091 PMID: 35048648

28. Park JG, Kang MK, Lee YR, Song JE, Kim NY, Kweon YO et al. Fibrosis-4 index as a predictor for mor-

tality in hospitalised patients with COVID-19: a retrospective multicentre cohort study. BMJ Open. 2020

Nov 12; 10(11):e041989. https://doi.org/10.1136/bmjopen-2020-041989 PMID: 33184086

29. Fiel MI, El Jamal SM, Paniz-Mondolfi A, Gordon RE, Reidy J, Bandovic J et al. Findings of Hepatic

Severe Acute Respiratory Syndrome Coronavirus-2 Infection. Cell Mol Gastroenterol Hepatol. 2021; 11

(3):763–770. https://doi.org/10.1016/j.jcmgh.2020.09.015 PMID: 32992052

30. Pirisi M, Rigamonti C, D’Alfonso S, Nebuloni M, Fanni D, Gerosa C et al. Liver infection and COVID-19:

the electron microscopy proof and revision of the literature. Eur Rev Med Pharmacol Sci. 2021 Feb; 25

(4):2146–2151. https://doi.org/10.26355/eurrev_202102_25120 PMID: 33660834.

31. Kolesova O, Vanaga I, Laivacuma S, Derovs A, Kolesovs A, Radzina M et al. Intriguing findings of liver

fibrosis following COVID-19. BMC Gastroenterol. 2021 Oct 11; 21(1):370. https://doi.org/10.1186/

s12876-021-01939-7 PMID: 34635073; PMCID: PMC8503733.

32. Zhu X, Wang J, Du J, Chen S, Chen S, Li J, Shen B. Changes in Serum Liver Function for Patients with

COVID-19: A 1-Year Follow-Up Study. Infect Drug Resist. 2022 Apr 15; 15:1857–1870. https://doi.org/

10.2147/IDR.S356181 PMID: 35450115; PMCID: PMC9017694.

33. Huang C, Huang L, Wang Y, Li X, Ren L, Gu X et al. 6-month consequences of COVID-19 in patients

discharged from hospital: a cohort study. Lancet. 2021 Jan 16; 397(10270):220–232. https://doi.org/10.

1016/S0140-6736(20)32656-8 Epub 2021 Jan 8. PMID: 33428867; PMCID: PMC7833295.

34. Li Y, Regan J, Fajnzylber J, Coxen K, Corry H, Wong C et al. Liver Fibrosis Index FIB-4 Is Associated

With Mortality in COVID-19. Hepatol Commun. 2021 Mar; 5(3):434–445. https://doi.org/10.1002/hep4.

1650 PMID: 34553511

35. Targher G, Mantovani A, Byrne CD, Wang XB, Yan HD, Sun QF et al. Risk of severe illness from

COVID-19 in patients with metabolic dysfunction-associated fatty liver disease and increased fibrosis

scores. Gut. 2020 Aug; 69(8):1545–1547. https://doi.org/10.1136/gutjnl-2020-321611 PMID: 32414813

36. Lombardi R, Mura V, Cespiati A, Iuculano F, Sigon G, Pallini G et al. Usefulness of fibrosis-4 (FIB-4)

score and metabolic alterations in the prediction of SARS-CoV-2 severity. Intern Emerg Med. 2022

Sep; 17(6):1739–1749. https://doi.org/10.1007/s11739-022-03000-1 PMID: 35754075

37. Bellentani S, Tiribelli C, Saccoccio G, Sodde M, Fratti N, De Martin C et al. Prevalence of chronic liver

disease in the general population of northern Italy: the Dionysos Study. Hepatology. 1994 Dec; 20

(6):1442–9. https://doi.org/10.1002/hep.1840200611 PMID: 7982643.

38. Maio G, d’Argenio P, Stroffolini T, Bozza A, Sacco L, Tosti ME et al. Hepatitis C virus infection and ala-

nine transaminase levels in the general population: a survey in a southern Italian town. J Hepatol. 2000

Jul; 33(1):116–20. https://doi.org/10.1016/s0168-8278(00)80167-1 PMID: 10905594

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 17 / 18

https://doi.org/10.2337/dc21-S002
http://www.ncbi.nlm.nih.gov/pubmed/33298413
https://doi.org/10.1097/HJH.0000000000001961
https://doi.org/10.1097/HJH.0000000000001961
http://www.ncbi.nlm.nih.gov/pubmed/30379783
https://doi.org/10.3390/jcm11206121
http://www.ncbi.nlm.nih.gov/pubmed/36294442
https://doi.org/10.1053/j.gastro.2011.02.058
http://www.ncbi.nlm.nih.gov/pubmed/21376047
https://doi.org/10.1016/j.jfma.2021.07.013
http://www.ncbi.nlm.nih.gov/pubmed/34325952
https://doi.org/10.1002/hep4.1737
http://www.ncbi.nlm.nih.gov/pubmed/34510829
https://doi.org/10.1097/MEG.0000000000002091
http://www.ncbi.nlm.nih.gov/pubmed/35048648
https://doi.org/10.1136/bmjopen-2020-041989
http://www.ncbi.nlm.nih.gov/pubmed/33184086
https://doi.org/10.1016/j.jcmgh.2020.09.015
http://www.ncbi.nlm.nih.gov/pubmed/32992052
https://doi.org/10.26355/eurrev%5F202102%5F25120
http://www.ncbi.nlm.nih.gov/pubmed/33660834
https://doi.org/10.1186/s12876-021-01939-7
https://doi.org/10.1186/s12876-021-01939-7
http://www.ncbi.nlm.nih.gov/pubmed/34635073
https://doi.org/10.2147/IDR.S356181
https://doi.org/10.2147/IDR.S356181
http://www.ncbi.nlm.nih.gov/pubmed/35450115
https://doi.org/10.1016/S0140-6736%2820%2932656-8
https://doi.org/10.1016/S0140-6736%2820%2932656-8
http://www.ncbi.nlm.nih.gov/pubmed/33428867
https://doi.org/10.1002/hep4.1650
https://doi.org/10.1002/hep4.1650
http://www.ncbi.nlm.nih.gov/pubmed/34553511
https://doi.org/10.1136/gutjnl-2020-321611
http://www.ncbi.nlm.nih.gov/pubmed/32414813
https://doi.org/10.1007/s11739-022-03000-1
http://www.ncbi.nlm.nih.gov/pubmed/35754075
https://doi.org/10.1002/hep.1840200611
http://www.ncbi.nlm.nih.gov/pubmed/7982643
https://doi.org/10.1016/s0168-8278%2800%2980167-1
http://www.ncbi.nlm.nih.gov/pubmed/10905594
https://doi.org/10.1371/journal.pone.0296495


39. Valente G, Rinaldi L, Sgambato M, Piai G. Conversion from twice-daily to once-daily tacrolimus in stable

liver transplant patients: effectiveness in a real-world setting. Transplant Proc. 2013 Apr; 45(3):1273–5.

https://doi.org/10.1016/j.transproceed.2013.02.021 PMID: 23622676

40. Pendino GM, Mariano A, Surace P, Caserta CA, Fiorillo MT, Amante A et al. ACE Collaborating Group.

Prevalence and etiology of altered liver tests: a population-based survey in a Mediterranean town.

Hepatology. 2005 May; 41(5):1151–9. https://doi.org/10.1002/hep.20689 PMID: 15841464

41. Graupera I, Thiele M, Serra-Burriel M, et al. Low Accuracy of FIB-4 and NAFLD Fibrosis Scores for

Screening for Liver Fibrosis in the Population. Clin Gastroenterol Hepatol. 2022; 20(11):2567–2576.e6.

https://doi.org/10.1016/j.cgh.2021.12.034 PMID: 34971806

42. Unalp-Arida A, Ruhl CE. Liver fibrosis scores predict liver disease mortality in the United States popula-

tion. Hepatology. 2017 Jul; 66(1):84–95. https://doi.org/10.1002/hep.29113 PMID: 28195363

43. Parikh NS, Kamel H, Navi BB, Iadecola C, Merkler AE, Jesudian A et al. Liver Fibrosis Indices and Out-

comes After Primary Intracerebral Hemorrhage. Stroke. 2020 Mar; 51(3):830–837. https://doi.org/10.

1161/STROKEAHA.119.028161 PMID: 31906832

PLOS ONE Findings from COVOCA study

PLOS ONE | https://doi.org/10.1371/journal.pone.0296495 May 7, 2024 18 / 18

https://doi.org/10.1016/j.transproceed.2013.02.021
http://www.ncbi.nlm.nih.gov/pubmed/23622676
https://doi.org/10.1002/hep.20689
http://www.ncbi.nlm.nih.gov/pubmed/15841464
https://doi.org/10.1016/j.cgh.2021.12.034
http://www.ncbi.nlm.nih.gov/pubmed/34971806
https://doi.org/10.1002/hep.29113
http://www.ncbi.nlm.nih.gov/pubmed/28195363
https://doi.org/10.1161/STROKEAHA.119.028161
https://doi.org/10.1161/STROKEAHA.119.028161
http://www.ncbi.nlm.nih.gov/pubmed/31906832
https://doi.org/10.1371/journal.pone.0296495

