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Multivariate risks of mechanical ventilation and day-30 in-hospital mortality

after Covid-19 in France 2020 (N=259,110)
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Adjusted odds-ratio

Binary logistic regression adjusted for age, sex, hypertension, obesity, smoking,
and the Charlson comorbidity index. Data are for patients who were hospitalised
for Covid-19 between Februaryl and December 31, 2020 in Metropolitan France.
Decompensated cirrhosis was cirrhosis with ascitis, hypertensive bleeding,
non-obstructive jaundice, or encephalopathy, before Covid-19.
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Lay summary

We studied the outcomes, including mechanical ventilation and day-30 mortality, of all
Covid-19 adults (N=259,110) discharged from acute and post-acute care, private and

public hospitals, in France in 2020.

Patients with mild liver disease; compensated cirrhosis; organ, including liver,
transplantation; or acquired immunodepression syndrome were not at risk for Covid-19

mortality.

Patients with alcohol use disorders; decompensated cirrhosis; or primary liver cancer
were at high, positive, risk for Covid-19 mortality and at low, negative, risk for

mechanical ventilation.

Our results suggest that a limitation of the therapeutic effort may have contributed to
the excess of mortality of patients with a liver-related complication and of patients with

alcohol use disorders in France in 2020
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Abstract

Background and aim

There is uncertainty on the risk of dying after coronavirus disease 2019 (Covid-19) in

chronic liver disease patients.

Patients and methods

We explored the outcomes of all Covid-19 adult inpatients in France, in 2020. We
computed adjusted odds-ratios to measure the associations between chronic liver

disease, alcohol use disorders, mechanical ventilation and day-30, in-hospital, mortality.

Results

The sample comprised 259,110 patients [median (interquartile range) age 70 (54, 83)
years; 52% men], including 15,746 (6.0%) and 10,006 (3.9%) patients with chronic liver
disease and alcohol use disorders, respectively. Mortality was 38,203 (15%) patients,
including 7,475 (28%) after mechanical ventilation, and 2,941 (19%) with chronic liver
disease. The adjusted odds-ratios for mechanical ventilation and day-30 mortality were
1.54 (95% confidence interval, 1.44 - 1.64, P < 0.001) and 1.79 (1.71 - 1.87, P < 0.001);
0.55 (0.47 - 0.64, P < 0.001) and 0.54 (0.48 - 0.61, P < 0.001); 0.64 (0.53 - 0.76; P <
0.001) and 0.71 (0.63- 0.80, P < 0.001); 0.65 (0.52 - 0.81, P < 0.001) and 2.21 (95% (I,
1.94 - 2.51, P < 0.001); 0.34 (0.24 - 0.50; P < 0.001) and 1.38 (1.17 - 1.62, P < 0.001);
and 0.82 (0.76 - 0.89; P < 0.001) and 1.11 (1.05 - 1.17; P < 0.001) for chronic liver
disease; mild liver disease; compensated cirrhosis; decompensated cirrhosis; primary
liver cancer; and alcohol use disorders, respectively. Chronic viral hepatitis; non-viral,
non-alcoholic chronic hepatitis; organ, including liver, transplantation, and acquired

immunodeficiency syndrome were not associated with Covid-19 death.
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Conclusion

Chronic liver disease increased the risk Covid-19 death in France in 2020. Therapeutic
effort limitation may have contributed to Covid-19 death of patients with a liver-related

complication or with alcohol use disorders.

275/275 words
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Introduction

In late-December 2019, the first case of coronavirus disease-2019 (Covid-19) was
described in the city of Wuhan in Hubei province, central China. (1) In 2020, Covid-19
progressed to a global pandemic, and was associated, at the beginning of 2021, with
more than 2.4 million deaths. (2) Risk factors for severe Covid-19 and Covid-19
mortality, including older ages, male sex, hypertension, obesity and severe
comorbidities, have been consistently reported since the beginning of the pandemic. (3,
4) It is yet uncertain whether chronic liver disease associates with Covid-19 outcome. In
a meta-analysis pooling 904 patients from the first pandemic wave in China, chronic
liver disease was not associated with Covid-19 mortality. (5) In a more recent, global,
meta-analysis pooling 90,095 patients, chronic liver disease patients were at risk for
severe Covid-19 (pooled effect size 1.52, 95% confidence interval, 1.14 - 2.02) and
Covid-19 mortality (pooled effect size 1.36, 95% confidence interval, 1.22 - 1.53). (6)
The term ‘chronic liver disease’ comprises a spectrum of conditions, including
underlying hepatopathy such as alcohol use disorders or viral hepatitis, liver disease
stage, such as compensated or decompensated cirrhosis, immune status, such as
chemotherapy for cancer or immunosuppression for liver transplantation. This
heterogeneity may differently affect Covid-19 outcomes. In two, early, retrospective
studies from China, metabolic liver disease was associated with progressive Covid-19.
(7, 8) In a cohort study from the United States, alcoholic liver disease and hepatocellular
carcinoma, but not viral hepatitis, were associated with Covid-19 mortality. (9) In two
European cohorts, liver transplant recipients were at risk for mechanical ventilation, but
not for Covid-19 mortality. (10-12) In a cohort of 932 patients with chronic liver disease,
autoimmune hepatitis was associated with a higher risk of admission and not with

mechanical ventilation and mortality. (13) In a retrospective cohort of 50 patients with
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cirrhosis from Lombardy (Italy), during the first pandemic wave, acute respiratory
failure was the main cause and mortality was 35%. (14) In a retrospective cohort of 37
and 108 North American Covid-19 patients with and without cirrhosis, respectively, the
rate of invasive mechanical ventilation for respiratory failure was identical, and
cirrhosis was not associated with in-hospital mortality. (15) These uncertainties
prompted us to investigate the association between chronic liver disease and the
outcome, including death and mechanical ventilation, a surrogate of Covid-19
respiratory failure, of the 259,110 adult inpatients with Covid-19 during the two

pandemic waves in France in 2020.
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Methods

Data source

The data source was the French National Hospital Discharge database (Programme de
Médicalisation des Systéemes d’'Information), which contains all public and private claims
for acute inpatient/day case hospital admissions and post-acute care since 2011. The
anonymized standardized discharge summaries include: demographics (age, sex, postal
code of residency); primary and associated discharge diagnosis codes according to the
WHO International Classification of Diseases, tenth revision (ICD-10); medical
procedures performed, including mechanical ventilation, and renal replacement
therapy; length of stay, entry and discharge modes (including in-hospital death). Using
unique anonymous identifiers, we traced back the hospital trajectory of each selected
patient and recorded his/her previous/underlying conditions.(16) The French
‘Programme de Médicalisation des Systemes d’Information’ (PMSI) coding system was
shown to be 100% specific for hard outcomes, including decompensated cirrhosis,
primary liver cancer, solid-organ transplantation, renal replacement therapy,
mechanical ventilation, and in-hospital mortality.(17, 18) The study was approved by
the Institut national des données de santé (INDS, registration number 917240) and
authorized by the Commission nationale de l'informatique et des libertés (CNIL,
registration number DR-2017-404). The requirement for informed consent was waived

because the study used de-identified data

Study population

As of January 1, 2021, there were 67,422,000 residents in France. (19) On March 31,

2021 we selected 266,604 patients discharged from 2187 hospitals or hospital groups

Liver burden of Covid-19 patients 8



after Covid-19 (ICD-10 codes: U0710, U0711, U0712, U0714, U0715) between January 1
and December 31, 2020. We removed 1986 patients with inconsistent discharge modes.
Patients younger than 18 years (n=5,508) were not included in the analysis. We also
collected the vital status of patients in day-case hospital and post-acute care post-acute

care.

Outcome measures

The main outcomes were mechanical ventilation and day-30 Covid-19 mortality. Liver
disease progression was a composite outcome of decompensated cirrhosis, defined by
the onset of a liver-related event (defined as any of ascites, variceal bleeding, hepatic
encephalopathy or non-obstructive jaundice) in a patient with otherwise compensated

cirrhosis before Covid-19.(18)

Exposures

We investigated the relationship between chronic liver disease and mechanical
ventilation for Covid-19 and Covid-19 mortality. We considered that intubation and
mechanical ventilation was a surrogate of Covid-19 severity.(20) Chronic liver disease
included mild liver disease (chronic liver disease without cirrhosis); compensated
cirrhosis; decompensated cirrhosis (cirrhosis with a liver-related complication before
Covid-19); alcoholic liver disease; chronic hepatitis B; chronic hepatitis C; other, non-
viral, non-alcoholic, causes of chronic liver disease; primary liver cancer; and liver
transplantation.(17, 18) Comorbidities of Covid-19 were alcohol use disorders; past or
current smoking; obesity; essential (primary) hypertension; diabetes mellitus; chronic
kidney disease, without kidney transplantation; chronic obstructive pulmonary disease;
organ transplant recipient, without liver transplantation; solid tumor, without liver

cancer, localized or advanced; and acquired immunodeficiency syndrome. The Charlson
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comorbidity index was used to capture the risk associated with multiple comorbidities
before Covid-19.(21) The Charlson comorbidity index is the most extensively studied
comorbidity score and has been widely used to predict mortality and disability
outcomes, including in the setting of Covid-19 in patients with cirrhosis.(15, 22) It
includes 19 major comorbidities such as chronic pulmonary disease, diabetes, and
kidney or liver disease. The Charlson comorbidity index was previously adapted for use
with ICD-10 from administrative inpatient or outpatient data,(23) which have been
reported to have good agreement with medical chart review of intensive care unit
patients.(23) In the study, the Charlson comorbidity index was calculated without age
and liver disease in order to isolate their respective effects in the binary logistic
regression models. Complications after Covid-19 were acute respiratory failure,
including mechanical ventilation; acute kidney injury, including renal replacement
therapy; acute liver failure; pulmonary embolism; portal vein thrombosis; and liver

disease progression to decompensated cirrhosis in an otherwise compensated patient.

Statistical Analysis

The strengths of associations with mechanical ventilation and day-30 mortality were
estimated with multivariate binary logistic regressions. All statistical tests were based
on two-tailed P values, with P < 0.05 considered to indicate statistical significance. All
analyses were performed using RStudio statistical software (Version 1.4.869 © 2009-

2020 RStudio, Inc).

Funding source

The study did not receive any private or public funding.
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Results

Sample characteristics

The sample consisted of 259,110 adult patients [median (interquartile range) age, 70
(54, 83) years; 52% men]. A total of 15,476 (6.0%) patients had chronic liver disease,
including 3,623 (23.4%) with alcoholic liver disease; 820 (5.3%) with chronic hepatitis
B; 711 (4.6%) with chronic hepatitis C; 2,299 (14.9%) with a non-viral, non-alcoholic,
cause of chronic liver disease; 719 (4.6%) with primary liver cancer; and 329 (2.1%)

with a liver transplant.

Table 1 details the characteristics of the cohort by chronic liver disease. Patients with
chronic liver disease were more often males (P < 0.001). The age distribution was also
different (P < 0.001), with a median (interquartile range) age of 70 (54, 83) and 69 (58,
79) years for patients without and with chronic liver disease, respectively. Patients with
chronic liver disease had more frequently (P < 0.001) alcohol use disorders (~one-
fourth of patients); current or past tobacco use (14% of patients); obesity (~one-fourth
of patients); hypertension (57% of patients); and diabetes mellitus (~40% of patients),
including 38% with complications of diabetes mellitus. Major comorbidities were
common in the cohort (58% of patients), and were over-represented (P < 0.001) in

patients with chronic liver disease, except dementia (see supplementary table 1).

Chronic liver disease and risks of organ failure

Chronic liver disease patients were at risk (P < 0.001) for mechanical ventilation (10%
of patients), but not for acute respiratory distress syndrome (P=0.5). Acute kidney

injury (8.1% of patients; P < 0.001); renal replacement therapy (~one third of patients
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with acute kidney injury; P < 0.001); and pulmonary embolism (3.4% of patients;
P=0.039) were associated with chronic liver disease. Acute liver failure was ~20 times
more frequent (P < 0.001) in chronic liver disease patients and concerned 4.3% of them.
Portal vein thrombosis after Covid-19 was rare (<0.1%) and was more common (P <
0.001) in patients with chronic liver disease and concerned 0.6% of them. Liver disease
progression to decompensated cirrhosis was also rare and was only recorded in 17

(0.1%) patients with compensated disease before Covid-19.

Risks for mechanical ventilation after Covid-19

The contribution of chronic liver disease to mechanical ventilation is presented in figure
1. The risks are detailed in table 2. Male sex and younger ages were risk factors. There
was an over-representation (78%) of the [50-80) age category in the mechanical
ventilation group, and an under-representation of the [18-50) and [80-Inf] age
categories. Alcohol use disorders; current or past tobacco use; obesity; hypertension;
diabetes mellitus; alcoholic liver disease; chronic viral hepatitis; non-alcoholic, non-
metabolic other causes of chronic liver disease; mild liver disease, compensated
cirrhosis and decompensated cirrhosis; organ, including liver, transplantation; and
acquired immunodeficiency syndrome were all associated (all P values < 0.001) with
mechanical ventilation. Patients with a modified Charlson comorbidity index = 2 were
also at risk. Patients with a primary liver cancer were not (P=0.039) at risk for
mechanical ventilation, unless they were exposed to cancer treatment (P=0.001). All
outcomes, including acute liver failure and portal vein thrombosis, and not liver disease

progression, were associated (P < 0.001) with mechanical ventilation. Day-30 mortality
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was ~twice as high (28%) in patients with mechanical ventilation than in patients

without mechanical ventilation (P < 0.001).

Risks for day-30 mortality after Covid-19

The contribution of chronic liver disease to the 38,203 (15%) deaths within 30 days
after admission for Covid-19 was 2,941 (7.7%; P < 0.001) and is presented in figure 2.
Overall, in-hospital, mortality after Covid-19 was 45,453 (17.5%). The risks for day-30
mortality are detailed in table 3. Male sex and older ages [median (interquartile range)
83 (75, 89) years] were risk factors, with an over-representation (63%) of the [80, Inf)
age categories. Alcohol use disorders and alcoholic liver disease; hypertension (more
than half of patients); diabetes mellitus (30% of deceased patients); compensated
cirrhosis; advanced cirrhosis; and primary liver cancer, with or without a specific
treatment; were also risk factors (P < 0.001). A modified Charlson comorbidity index = 2
was associated with mortality (P < 0.001). Mild liver disease; chronic viral hepatitis;
non-alcoholic, non-metabolic other causes of chronic liver disease; organ, including liver,
transplantation and the acquired immunodeficiency syndrome, and smoking were not
associated with day-30 mortality. All outcomes, except liver disease progression (the

number of events was low) were associated (P < 0.001) with mortality.

Mechanical ventilation and mortality relationships

Figure 3 presents the multivariate associations for mechanical ventilation and for day-

30 mortality (see supplementary tables 2 and 3 for the corresponding adjusted odds
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ratios). The adjusted-risk for mechanical ventilation (in blue) was similar or higher to
the risk of dying with Covid-19 (in black) for male sex, smoking, obesity, hypertension,
mild liver disease, and compensated cirrhosis. The risk of mechanical ventilation was
lower than the risk and of day-30 mortality for patients with chronic liver disease. The
risk of mechanical ventilation was negative, and the risk of Covid-19 death was positive
for patients with alcohol use disorders; decompensated cirrhosis; or primary liver
cancer, unless they were exposed to liver cancer treatment [adjusted odds-ratio for
mechanical ventilation and for day-30 mortality 0.78 (95% confidence interval, 0.47-
1.49, P=0.472) and 0.79 (95% confidence interval, 0.59-1.05, P=0.109)]. The risk for
mechanical ventilation was also inconsistent with mortality for patients with primary
liver cancer in a propensity-matched sample of 1,182 individuals (see supplementary
table 4). The adjusted risk of mechanical ventilation remained relatively stable within
the [30, 70) age categories. The adjusted risk for mechanical ventilation remained stable
and negative for patients with a modified Charlson comorbidity index 2 4. The adjusted
odds-ratio for mechanical ventilation and for day-30 mortality were 0.61 (95%
confidence interval 0.59-0.63; P < 0.001) and 0.73 (95% confidence interval 0.72-0.75; P
< 0.001), respectively, for the second pandemic wave. The risk of mechanical ventilation
remained below the risk of Covid-19 mortality during the two pandemic waves for

patients with alcohol use disorders (see supplementary figure 1).
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Discussion

Summary of the main results

Our study shows that patients with chronic liver disease, including those with
decompensated cirrhosis, primary liver cancer, and patients with alcohol use disorders,
were at an increased, adjusted-risk, for Covid-19 death and at a reduced, sometimes
negative, adjusted-risk, for mechanical ventilation, during the two 2020 pandemic waves
in France. Patients with mild liver disease; compensated cirrhosis; chronic viral
hepatitis; non-viral, non-alcoholic causes of chronic liver disease; the acquired
immunodeficiency syndrome; organ (including liver) transplantation; and smokers were
not at risk for Covid-19 mortality and had an increased risk for mechanical ventilation.
Overall, our results suggest that chronic liver disease per se contributed marginally,
despite higher rates of organ failures, to the death toll of Covid-19 in France in 2020.
Limitations of the therapeutic efforts, including a reduced access to mechanical
ventilation, may have accounted for the excess mortality of patients with cirrhosis and a
liver-related complication and of patients with alcohol use disorders. This is the largest

study on the risks of Covid-19 severity and mortality.

Added value of the study

There is a risk of reporting erroneous findings and inappropriate conclusions when
measuring mortalities without taking into account the therapeutic effort, especially in a
critical care setting. (14) The relationship between Covid-19 mortality and resource
allocation was mentioned early at the beginning of the SARS-CoV-2 pandemic. (24, 25)

In our study, we observed, as in other cohorts, higher risks of Covid-19 death for

Liver burden of Covid-19 patients 15


NathalieGanne
Texte surligné 

NathalieGanne
Texte surligné 

NathalieGanne
Texte surligné 


patients with alcohol use disorders, advanced liver disease, including hepatocellular
cancer,(9, 13) as for older patients. (26) The inverse relationship between mortality and
access to mechanical ventilation was obvious, sometimes negative, for these patients.
Our estimates suggest that previous estimates of the risk of Covid-19 mortality in
patients with chronic liver disease were limited by selection bias, or inappropriate
surrogates of disease severity, including an absence of measurement of the therapeutic
effort, (13, 27) such as access to organ, including pulmonary, support. (9, 14) In line with
our findings, a retrospective, North American, cohort study, reported that cirrhosis was
not associated with Covid-19 death, when patients had the same rate of mechanical
ventilation.(15) In general, advanced liver disease and alcohol use disorders associate
with deprivation. Deprivation and a limited access to care could also have accounted for
previous estimates on Covid-19 death in other national studies, as in the United

Kingdom, or in the United States. (9, 28, 29)

Meaning of the study

Overall, our findings suggest that access to care and to advanced ventilatory support,
including mechanical ventilation for severe SARS-CoV-2 pneumonia, is the cornerstone
of Covid-19 outcome, including in patients with advanced chronic liver disease or
patients with alcohol use disorders. Our findings do not support an excess in Covid-19
severity for patients with chronic liver disease, alcohol use disorders, cirrhosis, primary
liver cancer. The risk of mechanical ventilation remained high across all categories of the
Charlson comorbidity index, suggesting that resource allocation in France was more a
function of age, of liver disease stage, and of alcohol use disorders, than of other

comorbidities. Nevertheless, Covid-19 patients with chronic liver disease, were at
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increased, adjusted-risk, for organ failure, including acute kidney injury, renal
replacement therapy, acute liver failure, and liver disease progression, as reported for
chronic liver disease patients with other, non-Covid, causes of acute respiratory distress

syndrome. (30)

Strengths and weaknesses of the study

This is the largest cohort study on the prognosis of chronic liver disease patients with
Covid-19. Compared with other studies, selection bias was limited because all residents
in France have universal access to hospital care, although a significant number of
patients died outside of the hospital with Covid-19 during the study period (19,863
patients during the first wave, as an example). (2) The 10-years backwards
retrospective collection of Covid-19 comorbidities in the French national discharge
database reduced the risk of information bias and of reverse associations. Since this is a
hospital study, the estimates may only apply to inpatients: the risk of admission and
intubation for outpatients with Covid-19 was not measured. Information was collected
from a claim database, and not from patient-level medical records, therefore,
information was limited to hard outcomes, including mechanical ventilation, which has
been consistently used as a surrogate of Covid-19 severity, (20) and in-hospital death.

Other markers of Covid-19 severity could not be recorded.

Implications

To sum-up, our results suggest that the prognosis of Covid-19 patients with chronic liver

disease or with alcohol use disorders could be more related to the therapeutic effort,
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including mechanical ventilation, and less to liver disease progression or to ethanol
toxicity. (9) Future studies should investigate the relationship between therapeutic
effort limitation and outcome of Covid-19 patients, including those with chronic

conditions, and deprived individuals.
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Legends to figures

Figure 1: Contribution of chronic liver disease to the burden of mechanical

ventilation for severe Covid-19 in France, 2020

Data are for patients who were discharged after Covid-19 between January 1 and
December 31, 2020 in Metropolitan France. The 2011-2020 French National Patient

Registry was used to identify chronic liver disease before Covid-19.

Figure 2: Contribution of chronic liver disease to the death toll of Covid-19 in

France, 2020

Data are for patients who were discharged after Covid-19 between January 1 and
December 31, 2020 in Metropolitan France. The 2011-2020 French National Patient

Registry was used to identify chronic liver disease before Covid-19.

Figure 3: Independent risks of mechanical ventilation and of day-30 mortality

after Covid-19

Odds ratios are shown on a log scale. Error bars represent the limits of the 95%
confidence interval for the odds ratio. Data are for patients who were discharged after
Covid-19 between January 1 and December 31, 2020 in Metropolitan France. The 2011-
2020 French National Patient Registry was used to identify underlying conditions before
Covid-19. The Charlson comorbodity index was modified to isolate the effects of age and
of chronic liver disease. Associations were computed with multivariate binary logistic

regression models. Reference for age categories was [18-30).
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Tables

Table 1: Characteristics of 2020 French Covid-19 patients by chronic liver disease

Characteristic Overall, Chronic liver disease p-value?
- 1
N =259,110 No, Yes,
n = 243,634 n = 15,476
(94%)1 (6.0%)1
Sex <0.001
135,173 125,659
M 9,514 (61%)
(52%) (52%)
123,936 117,974
F 5,962 (39%)
(48%) (48%)
Age 70 (54, 83) 70 (54, 83) 69 (58, 79) <0.001
Age category, years <0.001
12,499
[18,30) 12,122 (5.0%) 377 (2.4%)
(4.8%)
16,222
[30,40) 15,582 (6.4%) 640 (4.1%)
(6.3%)
21,245
[40,50) 20,104 (8.3%) 1,141 (7.4%)
(8.2%)
33,054
[50,60) 30,824 (13%) 2,230 (14%)
(13%)
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42,088

[60,70) 38,613 (16%) 3,475 (22%)
(16%)
49,658
[70,80) 45,855 (19%) 3,803 (25%)
(19%)
57,512
[80,90) 54,544 (22%) 2,968 (19%)
(22%)
26,832
[90,Inf) 25,990 (11%) 842 (5.4%)
(10%)
10,006
Alcohol use disorders 6,383 (2.6%) 3,623 (23%) <0.001
(3.9%)
Current or past tobacco 15,049
12,817 (5.3%) 2,232 (14%) <0.001
use (5.8%)
43,124
Obesity 39,145 (16%) 3,979 (26%) <0.001
(17%)
Essential (primary) 113,407 104,564
8,843 (57%) <0.001
hypertension (44%) (43%)
61,664
Diabetes mellitus 55,753 (23%) 5,911 (38%) <0.001
(24%)
Modified Charlson
<0.001
comorbidity index
170,308 164,165
[0,2) 6,143 (40%)
(66%) (67%)
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57,876

[2,4) 52,764 (22%) 5,112 (33%)
(22%)
20,893
[4,6) 18,423 (7.6%) 2,470 (16%)
(8.1%)
[6,8) 7,651 (3.0%) 6,404 (2.6%) 1,247 (8.1%)
[8,Inf] 2,382 (0.9%) 1,878 (0.8%) 504 (3.3%)
Acute respiratory 67,006
63,041 (26%) 3,965 (26%) 0.5
distress syndrome (26%)
18,049
Mechanical ventilation 16,449 (6.8%) 1,600 (10%) <0.001
(7.0%)
12,461
Acute kidney injury 11,208 (4.6%) 1,253 (8.1%) <0.001
(4.8%)

Renal replacement
2,892 (1.1%) 2,441 (1.0%) 451 (2.9%)  <0.001

therapy
Pulmonary embolism 8,179 (3.2%) 7,647 (3.1%) 532 (3.4%) 0.039
Acute liver failure 1,222 (0.5%) 552 (0.2%) 670 (4.3%) <0.001
Portal vein thrombosis 148 (<0.1%) 53 (<0.1%) 95 (0.6%) <0.001
Liver disease progression 17 (<0.1%) 0 (0%) 17 (0.1%) <0.001
Day-30 post-Covid 38,203

35,262 (14%) 2,941 (19%) <0.001
mortality (15%)

I'n (%); Median (IQR); 2 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's

Liver burden of Covid-19 patients 25



exact test. Data are for patients who were discharged after Covid-19 between February 1
and December 31, 2020 in France. The 2011-2020 French National Patient Registry was
used to indentiy underlying conditions before Covid-19. The Charlson comorbodity
index predicts 10-year survival in patients with multiple comorbidities, and ranges from
0 to 30, without entering age and liver disease, with higher scores indicating higher

frailty. Note: M: Male; F: Female
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Table 2: Characteristics of 2020 French Covid-19 patients by invasive mechanical

ventilation
Invasive mechanical
Overall ventilation
Characteristic N = No Yes p-value?
259,110y = 232,053 n = 27,057
(90%)? (10%)?*
Sex <0.001
135,173 116,302 18,871
M
(52%) (50%) (70%)
123,936 115,751
F 8,185 (30%)
(48%) (50%)
Age 70 (54,83) 71(54,84) 68(59,75) <0.001
Age category, years <0.001
12,499 12,173
[18,30) 326 (1.2%)
(4.8%) (5.2%)
16,222 15,448
[30,40) 774 (2.9%)
(6.3%) (6.7%)
21,245 19,483 1,762
[40,50)
(8.2%) (8.4%) (6.5%)
33,054 28,637
[50,60) 4,417 (16%)
(13%) (12%)
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42,088 34,074
[60,70) 8,014 (30%)
(16%) (15%)
49,658 41,108
[70,80) 8,550 (32%)
(19%) (18%)
57,512 54,576
[80,90) 2,936 (11%)
(22%) (24%)
26,832 26,554
[90,Inf) 278 (1.0%)
(10%) (11%)
10,006 7,956 2,050
Alcohol use disorders <0.001
(3.9%) (3.4%) (7.6%)
15,049 11,745
Current or past tobacco use 3,304 (12%) <0.001
(5.8%) (5.1%)
43,124 34,002
Obesity 9,122 (34%) <0.001
(17%) (15%)
Essential (primary) 113,407 97,607 15,800
<0.001
hypertension (44%) (42%) (58%)
61,664 51,950
Diabetes mellitus 9,714 (36%) <0.001
(24%) (22%)
15,476 12,233
Chronic liver disease 3,243 (12%) <0.001
(6.0%) (5.3%)
3,623 2,769
Alcoholic liver disease 854 (3.2%) <0.001
(1.4%) (1.2%)
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Chronic hepatitis B 820 (0.3%) 667 (0.3%) 153 (0.6%) <0.001
Chronic hepatitis C 711 (0.3%) 570(0.2%) 141 (0.5%) <0.001
Other causes of chronic liver 2,299 1,864
435 (1.6%) <0.001
disease (0.9%) (0.8%)
2,567 2,147
Mild liver disease 420 (1.6%) <0.001
(1.0%) (0.9%)
1,951 1,632
Compensated cirrhosis 319 (1.2%) <0.001
(0.8%) (0.7%)
1,256
Advanced cirrhosis 950 (0.4%) 306(1.1%) <0.001
(0.5%)
Primary liver cancer 719 (0.3%) 627(0.3%) 92 (0.3%) 0.039
Primary liver cancer with
383 (0.1%) 324 (0.1%) 59 (0.2%) 0.001
specific treatment
Liver transplantation 329 (0.1%) 210(<0.1%) 119 (0.4%) <0.001
Transplant recipient (without 2,290 1,682
608 (2.2%) <0.001
liver transplantation (0.9%) (0.7%)
Acquired immunodeficiency 1,118
920 (0.4%) 198(0.7%) <0.001
syndrome (0.4%)
Modified Charlson
<0.001
comorbidity index
[0,2) 170,308 155,300 15,008
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(66%) (67%) (55%)
57,876 50,497
[2,4) 7,379 (27%)
(22%) (22%)
20,893 17,904
[4,6) 2,989 (11%)
(8.1%) (7.7%)
7,651 6,420 1,231
[6,8)
(3.0%) (2.8%) (4.5%)
2,382 1,932
[8,Inf] 450 (1.7%)
(0.9%) (0.8%)
Acute respiratory distress 67,006 48,531 18,475
<0.001
syndrome (26%) (21%) (68%)
Acute kidney injury after 12,461 7,282
5179 (19%) <0.001
Covid-19 (4.8%) (3.1%)
Renal replacement therapy for 2,892 2,598
294 (0.1%) <0.001
Covid-19 (1.1%) (9.6%)
8,179 6,418 1,761
Pulmonary embolism <0.001
(3.2%) (2.8%) (6.5%)
Acute liver failure after Covid- 1,222
712 (0.3%) 510(1.9%) <0.001
19 (0.5%)
148
Portal vein thrombosis 109 (<0.1%) 39 (0.1%) <0.001
(<0.1%)
Liver disease progression 17 (<0.1%) 13 (<0.1%) 4 (<0.1%) 0.094
Liver burden of Covid-19 patients 30



38,203 30,728
Day-30 post-Covid mortality 7,475 (28%) <0.001
(15%) (13%)

I'n (%); Median (IQR); 2 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's
exact test. Data are for patients who were discharged after Covid-19 between February 1
and December 31, 2020 in France. The 2011-2020 French National Patient Registry was
used to indentiy underlying conditions before Covid-19. Mild liver disease was chronic
liver disease without cirrhosis. Advanced cirrhosis was cirrhosis with ascites,
hypertensive bleeding, non-obstructive jaundice, or encephalopathy. The Charlson
comorbodity index predicts 10-year survival in patients with multiple comorbidities,
and ranges from 0 to 30, without entering age and liver disease, with higher scores

indicating higher frailty. Note: M: Male; F: Female
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Table 3: Characteristics of 2020 French Covid-19 patients by day-30 mortality

Characteristic Overall Day-30 mortality p-
2
N No Yes value
1
2591108 = 220907 n = 38203
(85%)1 (15%)t
Sex <0.001
135,173 112,741 22,432
M
(52%) (51%) (59%)
123,936 108,165 15,771
F
(48%) (49%) (41%)
Age 70 (54,83) 67(52,81) 83(75,89) <0.001
Age category, years <0.001
12,499 12,466
[18,30) 33 (<0.1%)
(4.8%) (5.6%)
16,222 16,095
[30,40) 127 (0.3%)
(6.3%) (7.3%)
21,245 20,898
[40,50) 347 (0.9%)
(8.2%) (9.5%)
33,054 31,810 1,244
[50,60)
(13%) (14%) (3.3%)
[60,70) 42,088 38,205 3,883
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(16%) (17%) (10%)
49,658 41,268 8,390
[70,80)
(19%) (19%) (22%)
57,512 42,050 15,462
[80,90)
(22%) (19%) (40%)
26,832 18,115 8,717
[90,Inf)
(10%) (8.2%) (23%)
10,006 8,296 1,710
Alcohol use disorders <0.001
(3.9%) (3.8%) (4.5%)
15,049 12,996 2,053
Current or past tobacco use <0.001
(5.8%) (5.9%) (5.4%)
43,124 37,551 5,573
Obesity <0.001
(17%) (17%) (15%)
Essential (primary) 113,407 91,281 22,126
<0.001
hypertension (44%) (41%) (58%)
61,664 50,184 11,480
Diabetes mellitus <0.001
(24%) (23%) (30%)
15,476 12,535 2,941
Chronic liver disease <0.001
(6.0%) (5.7%) (7.7%)
3,623 2,840
Alcoholic liver disease 783 (2.0%) <0.001
(1.4%) (1.3%)
Chronic hepatitis B 820 (0.3%) 744(0.3%) 76(0.2%) <0.001
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Chronic hepatitis C 711 (0.3%) 605 (0.3%) 106(0.3%) >0.9
Other cause of chronic liver 2,299 1,955
344 (0.9%) 0.8
disease (0.9%) (0.9%)
2,567 2,282
Mild liver disease 285 (0.7%) <0.001
(1.0%) (1.0%)
1,951 1,601
Compensated cirrhosis 350 (0.9%) <0.001
(0.8%) (0.7%)
1,256
Advanced cirrhosis 873 (0.4%) 383(1.0%) <0.001
(0.5%)
Primary liver cancer 719 (0.3%) 522 (0.2%) 197 (0.5%) <0.001
Primary liver cancer with
383 (0.1%) 283(0.1%) 100(0.3%) <0.001
specific treatment
Liver transplantation 329 (0.1%) 286 (0.1%) 43 (0.1%) 0.4
Transplant recipient (without 2,290 1,929
361 (0.9%) 0.2
liver transplantation) (0.9%) (0.9%)
Acquired immunodeficiency 1,118 1,029
89 (0.2%) <0.001
syndrome (0.4%) (0.5%)
Modified Charlson
<0.001
comorbidity index
170,308 153,214 17,094
[0,2)
(66%) (69%) (45%)
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57,876 45,065 12,811
[2,4)
(22%) (20%) (34%)
20,893 15,315 5,578
[4,6)
(8.1%) (6.9%) (15%)
7,651 5,615 2,036
[6,8)
(3.0%) (2.5%) (5.3%)
2,382 1,698
[8,Inf] 684 (1.8%)
(0.9%) (0.8%)
Acute respiratory distress 67,006 45,321 21,685
<0.001
syndrome (26%) (21%) (57%)
12,461 7,519 4,942
Acute Kidney injury <0.001
(4.8%) (3.4%) (13%)
2,892 1,533 1,359
Renal replacement therapy <0.001
(1.1%) (0.7%) (3.6%)
8,179 6,811 1,368
Pulmonary embolism <0.001
(3.2%) (3.1%) (3.6%)
1,222
Acute liver failure 762 (0.3%) 460 (1.2%) <0.001
(0.5%)
148
Portal vein thrombosis 108 (<0.1%) 40 (0.1%) <0.001
(<0.1%)
Liver disease progression 17 (<0.1%) 17 (<0.1%) 0 (0%) 0.2

I'n (%); Median (IQR); 2 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's
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exact test. Data are for patients who were discharged after Covid-19 between February 1
and December 31, 2020 in France. The 2011-2020 French National Patient Registry was
used to indentiy underlying conditions before Covid-19. Mild liver disease was chronic
liver disease without cirrhosis. Advanced cirrhosis was cirrhosis with ascites,
hypertensive bleeding, non-obstructive jaundice, or encephalopathy. The Charlson
comorbodity index predicts 10-year survival in patients with multiple comorbidities,
and ranges from 0 to 30, without entering age and liver disease, with higher scores

indicating higher frailty. Note: M: Male; F: Female
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