
Copyright © 2021 The Korean Association of Internal Medicine
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/) which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN 1226-3303
eISSN 2005-6648

http://www.kjim.org

ORIGINAL ARTICLE

Korean J Intern Med 2021;36:1092-1101
https://doi.org/10.3904/kjim.2020.486

1Department of Gastroenterology, 
Liver Center, Asan Medical Center, 
University of Ulsan College of 
Medicine, Seoul; 2Department of 
Biomedical Science and Engineering, 
Gwangju Institute of Science and 
Technology, Gwangju, Korea

Background/Aims: The impact of liver cirrhosis (LC) on the clinical outcomes of 
patients with coronavirus disease 2019 (COVID-19) remains elusive. This study 
evaluated the association between LC and the development of severe complications 
from COVID-19.
Methods: We used the National Health Insurance claims data of Korea. We includ-
ed 234,427 patients older than 19 years who tested for severe acute respiratory syn-
drome coronavirus 2. Patients with LC who were infected with COVID-19 (n = 67, 
LC+ COVID+) were matched with those with cirrhosis only (n = 332, LC+ COVID–) 
and those with COVID-19 only (n = 333, LC– COVID+) using a propensity score in a 
1:5 ratio. The primary outcome was the development of severe complications. 
Results: Of the matched patients, the mean age was 60 years and 59.7% were male. 
Severe complications occurred in 18, 54, and 60 patients in the LC+ COVID+, LC+ 
COVID–, and LC– COVID+ groups, respectively. After adjusting for comorbidities, 
there was no significant difference in the risk of developing severe complications 
from COVID-19 between the LC+ COVID+ and LC– COVID+ groups but signifi-
cant difference exists between the LC+ COVID+ and LC+ COVID–. Older age, hy-
pertension, cancer, chronic obstructive pulmonary disease, and a higher Charlson 
comorbidity index were associated with a higher risk of severe complications in 
patients with cirrhosis and COVID-19.
Conclusions: Our study suggests that LC was not independently associated with 
the development of severe complications, including mortality, in patients with 
COVID-19. Our results need to be evaluated through a large, prospective study.
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Impact of liver cirrhosis on the clinical outcomes 
of patients with COVID-19: a nationwide cohort 
study of Korea
Dongsub Jeon1,*, Minkook Son2,*, and Jonggi Choi1

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a novel coronavirus that causes the coro-
navirus disease 2019 (COVID-19) which first appeared in 
Wuhan City in Hubei Province in central China. It is 
highly contagious and is rapidly spreading around the 
world [1]. The clinical severity of COVID-19 varies from 

asymptomatic to fatal. Some cases are only accompanied 
by mild respiratory symptoms without fever and recov-
er spontaneously [2]. In contrast, others suffer from sys-
temic symptoms including fever, chest pain, myalgia, 
shortness of breath and coughing associated with pneu-
monia, which contribute in part to the development of 
severe complications such as acute respiratory distress 
syndrome, and even death [3].
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Previous studies reported several underlying med-
ical conditions as risk factors associated with severe 
complications in patients with COVID-19 [4-6]. Varying 
degrees of liver enzyme elevation were reported in 20% 
to 30% of patients with COVID-19 in one meta-analysis 
[7] and up to 58% of patients with COVID-19 in anoth-
er large case-series [8]. The prevalence of pre-existing 
liver disease and liver cirrhosis (LC) in patients with 
COVID-19 range from 2% to 11% and 0.4%, respectively 
[7,8]. Given that the homeostatic role of the liver in the 
systemic immune response is impaired in patients with 
cirrhosis which causes inherent immune dysfunction 
[9], their prognosis after infection with COVID-19 might 
be thought worse than the prognosis in those without 
cirrhosis. A few studies have reported high mortality 
in COVID-19 patients with LC [10-13]. However, most 
studies so far have been a small number of case reports 
or series, which give limited insight into the impact of 
LC on the clinical outcomes of patients with COVID-19 
[14]. Therefore, our study aimed to determine the im-
pact of cirrhosis on the clinical outcomes of patients in-
fected with COVID-19 (LC+ COVID+) by comparing the 
prognosis in cirrhotic patients without COVID-19 (LC+ 
COVID–) and in those without cirrhosis infected with 
COVID-19 (LC– COVID+) in a large-scale, nationwide 
cohort of Korea.

METHODS

Data source and study population
This study was approved by the Institutional Review 
Board of the Asan Medical Center (IRB No. 2020-1153). 
The board approved a waiver of written informed con-
sent for deidentified data. The completely anonymized 
data obtained from the National Health Insurance 
claims of the Republic of Korea were analyzed. As of 
May 15, 2020, the current population-based dataset com-
prised all cases tested for COVID-19, including suspect-
ed and confirmed cases, with the demographic informa-
tion and history of medical services accessed for the past 
3 years.

The approach to the study population is presented 
in Fig. 1. The study involved 234,427 individuals tested 
for COVID-19 based on the 10th revision of the Inter-
national Statistical Classification of Disease and Relat-

ed Health Problems (ICD-10) codes of B342, B972, Z208, 
Z290, U18, U181, Z038, Z115, U071, and U072. COVID-19 
was confirmed in the Republic of Korea using poly-
merase chain reaction amplification of the viral E gene 
as a screening test, and amplification of the RNA-depen-
dent RNA polymerase region of the open reading frame 
1b gene as a confirmatory test [15]. In total, 6,462 patients 
with LC and 212,048 individuals without LC aged over 19 
years were analyzed. The presence of LC was established 
based on the ICD-10 codes for LC (K702-K704, K717, 
K720, K721, K729, K740-K746, K761, K766, K767, R18, I850, 
I859, I864, I868, I982, I983) [16]. Among the patients with 
cirrhosis, 67 (1.0%) were confirmed as COVID-19+. Of 
the individuals without cirrhosis, 7,219 (3.4%) were con-
firmed as COVID-19+. To analyze the impact of cirrho-
sis on COVID-19+ patients (LC+ COVID+), we matched 
them with patients with LC but without COVID-19 (LC+ 
COVID-) and those without LC but with COVID-19 (LC– 
COVID+) at a ratio of 1:5 based on covariates such as sex, 
age, region, and the hospital in which they were tested. 
The matching was exact for the sex, region, and tested 
hospital, but nearest neighbor matching was performed 
for age, with a caliper of 0.1 in the propensity scores. The 
numbers of matched patients in the LC+ COVID+, LC+ 
COVID–, and LC– COVID+ groups were 67, 332, and 333, 
respectively (Fig. 1).

Figure 1. Inclusion f low-chart for the study population. 
COVID-19, coronavirus disease 2019; LC, liver cirrhosis.

Korean subjects tested for COVID-19 (n = 234,427)

Korean subjects without liver cirrhosis
over 19 years (n = 212,048)

1:5 Ratio of the nearest neighbor matching 
based on sex, age, region, tested hospital

LC (–) COVID (+)
(n = 333)

LC (+) COVID (+)
(n = 67)

LC (+) COVID (–)
(n = 332)

Complications(+)
(n = 60)

Complications (–)
(n = 273)

Complications (–)
(n = 49)

Complications(+)
(n = 18)

Korean subjects with liver cirrhosis
over 19 years (n = 6,462) 
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Data collection and definitions
Comorbidities were established based on the ICD-10 di-
agnosis codes (Supplementary Table 1). The conditions 
that were considered as comorbidities were decompen-
sated LC, diabetes, hypertension, dyslipidemia, cardio-
vascular disease including myocardial infarction and 
stroke, cancer, chronic obstructive pulmonary disease 
(COPD), asthma, end-stage renal disease with dialysis, 
and an immunocompromised status including auto-
immune diseases and human immunodeficiency virus 
infection. The definitions of each comorbidity are pre-
sented in Supplementary Table 1. The Charlson comor-
bidity index (CCI) was also used as a variable and was 
calculated based on the patient’s pre-existing diseases 
including myocardial infarction; congestive heart fail-
ure; dementia; diabetes with or without complications; 
paraplegia or hemiplegia; cancer with or without metas-
tases; acquired immune deficiency syndrome; and pe-
ripheral vascular, cerebrovascular, chronic obstructive 
pulmonary, connective tissue, peptic ulcer, liver, and 
renal disease [17].

Outcome measurement
The primary outcome of this study was severe complica-
tions that required interventions including oxygen ther-
apy, the use of vasopressors, admission to intensive care 
unit (ICU), continuous renal replacement therapy, and 
death [18,19]. LC-related complications included varice-
al bleeding, ascites, hepatorenal syndrome, spontaneous 
bacterial peritonitis, and hepatic encephalopathy [20]. 
The definitions of each treatment are presented in Sup-
plementary Table 2. Additionally, we separately analyzed 
patients in the LC+ COVID+ and LC– COVID+ groups 
according to whether they developed complications. Of 
these 67 cirrhotic patients with COVID-19, 18 (26.9%) 
patients developed severe complications, whereas the 
other 49 (73.1%) did not experience severe complication 
despite COVID-19 infection.

Statistical analysis
The baseline characteristics of the three groups were 
presented as the mean with the standard deviation for 
continuous variables, and as a percentage (%) for cate-
gorical variables. Comparisons between the groups were 
performed using analysis of variance or Student’s t test 
for continuous variables, and the chi-square or Fisher’s 

exact tests for categorical variables. After 1:5 ratio match-
ing, the odds ratio and 95% confidence interval were 
calculated with conditional logistic regression analysis. 
We utilized three models for the multivariable-adjust-
ed analysis and, because of the small study population, 
we selected some variables for adjustment. Model 1 was 
adjusted for hypertension, dyslipidemia, and CCI be-
cause CCI does not include these comorbidities. Mod-
el 2 was adjusted for decompensated LC, hypertension, 
cardiovascular disease, cancer, COPD, end-stage renal 
disease with dialysis, and CCI, with p < 0.10 considered 
as significant in the univariate analysis that compared 
LC+ COVID+ and LC+ COVID–. Model 3 was adjusted 
for decompensated LC, diabetes, cancer, immunocom-
promised status, and CCI, with p < 0.10 considered as 
significant in the univariate analysis that compared LC+ 
COVID+ and LC– COVID+. The statistical software SAS 
version 9.4 (SAS Inc., Cary, NC, USA) was used to per-
form all statistical analyses. A p < 0.05 was considered 
statistically significant.

RESULTS

Baseline characteristics
The baseline characteristics of the three groups before 
matching are shown in Supplementary Table 3. After 
matching, a total of 732 patients were analyzed and the 
baseline characteristics of the study population are pre-
sented in Table 1. Of the entire study population, the 
mean age was 60.0 years and 59.7% were male. There 
were no significant differences in the demographics 
such as age, sex, and region of diagnosis between the 
three groups (Table 1). In terms of comorbidities, the 
prevalence of diabetes, cancer, and immunocompro-
mised statuses were significantly higher in the LC+ 
COVID+ and LC+ COVID– groups, when compared 
with the LC– COVID+ group. The LC+ COVID- group 
had the highest CCI, followed by the LC+ COVID+ and 
LC– COVID+ groups. Of the 399 patients with cirrhosis, 
19 and 154 (28.4% and 46.4%) of the 67 and 332 patients in 
the LC+ COVID+ and LC+ COVID– groups, respectively, 
showed decompensated cirrhosis.

Severe complications and LC-related complications
Of the 732 patients included in the study, 132 (18.0%) ex-
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perienced severe complications as previously defined 
(Table 2). The number of patients with severe complica-
tions were 18, 54, and 60 (26.9%, 16.3%, and 18.0%) in the 
LC+ COVID+, LC+ COVID–, and LC– COVID+ groups, 
respectively. No statistical difference was observed in 
the rate of development of severe complications among 
the three groups (p = 0.12). Of the 67 in the LC+ COVID+ 
group, 12 (17.9%) needed oxygen therapy, four (6.0%) re-
quired vasopressors, two (3.0%) were admitted to ICU, 
and one received continuous renal replacement therapy. 
Death occurred in 6, 32, and 23 (9.0%, 9.6%, and 6.9%) 
in the LC+ COVID+, LC+ COVID–, and LC– COVID+ 
groups, respectively, with no statistical difference among 
the three groups (p = 0.44). Besides, from the perspective 
of LC-related complications, there were no significant 
differences between the LC+COVID+ and LC+COVID– 
groups (p = 0.22) (Table 2).

Association between LC and complications of 
COVID-19
Patients who were infected with COVID-19 and had 
LC (LC+ COVID+) were more likely to develop severe 
complications than those without LC (LC– COVID+). 
However, after adjusting for underlying medical comor-
bidities, there was no significant difference in the risk 
of developing severe complications between these two 
groups (adjusted odds ratio [AOR], 1.082; p = 0.87) (Table 
3). In addition, the proportion of patients who required 
oxygen therapy and who died did not significantly differ 
between the two groups regardless of the presence of LC 
(AOR for oxygen therapy and death, 1.095 and 6.426, re-
spectively; p > 0.05 for both).

Notably, of the patients with LC, COVID-19 infection 
(LC+ COVID+) was associated with poorer outcomes 
compared with LC+ COVID– group, even after adjusting 

Table 1. Baseline characteristics of patients with liver cirrhosis grouped according to COVID-19 infection status (n = 732)

Characteristic 
LC+ COVID+

(n = 67)
LC+ COVID–

(n = 332)
LC– COVID+

(n = 333)
p value

Male sex, % 40 (59.7) 197 (59.3) 200 (60.1) 0.98

Age, yr 59.9 ± 15.7 60.3 ± 15.3 59.8 ± 15.5 0.91

Region of diagnosis

Daegu & Gyeongbuk 43 (64.2) 212 (63.9) 215 (64.6) 0.98

Testing hospital

3rd 9 (13.4) 45 (13.6) 43 (12.9) 0.97

Comorbidities

Decompensated liver cirrhosisa,b 19 (28.4) 154 (46.4) 0 < 0.01

Diabetesb 21 (31.3) 121 (36.5) 68 (20.4) < 0.01

Hypertensiona 27 (40.3) 185 (55.7) 135 (40.5) < 0.01

Dyslipidemia 19 (28.4) 127 (38.3) 116 (34.8) 0.27

Cardiovascular diseasea 9 (13.4) 82 (24.7) 44 (13.2) < 0.01

Cancera,b 12 (17.9) 113 (34.0) 20 (6.0) < 0.01

COPDa 9 (13.4) 87 (26.2) 54 (16.2) < 0.01

Asthma 12 (17.9) 77 (23.2) 52 (15.6) 0.04

ESRD with dialysisa 0 21 (6.3) 0 < 0.01

Immunocompromised statusb 9 (13.4) 31 (9.3) 13 (3.9) < 0.01

CCIa,b 4.3 ± 2.7 6.3 ± 3.8 2.2 ± 2.2 < 0.01

Values are presented as number (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019; LC, liver cirrhosis; COPD, chronic obstructive pulmonary disease; ESRD, end-stage re-
nal disease; CCI, Charlson comorbidity index.
ap < 0.05 between LC+ COVID+ and LC+ COVID–.
bp < 0.05 between LC+ COVID+ and LC– COVID+.
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Table 2. Rate of complications according to the presence of liver cirrhosis and COVID-19 infection (n = 732)

Variable
LC+ COVID+

(n = 67)
LC+ COVID–

(n = 332)
LC– COVID+

(n = 333)
p value

Severe complicationsa 18 (26.9) 54 (16.3) 60 (18.0) 0.12

Oxygen therapya 12 (17.9) 32 (9.6) 49 (14.7) 0.06

Vasopressors 4 (6.0) 14 (4.2) 11 (3.3) 0.56

Admission to intensive care unit 2 (3.0) 9 (2.7) 8 (2.4) 0.95

Continuous renal replacement therapy 1 (1.5) 1 (0.3) 3 (0.9) 0.45

Death 6 (9.0) 32 (9.6) 23 (6.9) 0.44

LC-related complications 3 (4.5) 30 (9.0) - 0.22

Variceal bleeding 2 (3.0) 15 (4.5) - 0.57

Ascites 2 (3.0) 23 (6.9) - 0.22

Hepatorenal syndrome 0 3 (0.9) - 0.99

Spontaneous bacterial peritonitis 0 1 (0.3) - 0.99

Encephalopathy 3 (4.5) 17 (5.1) - 0.99

Values are presented as number (%).
COVID-19, coronavirus disease 2019; LC, liver cirrhosis. 
ap < 0.05 between LC+ COVID+ and LC+ COVID–.

Table 3. Association between liver cirrhosis and developing complications of COVID-19 infection

Variable
No. of 
case

Crude OR 
(95% CI)

p value
Adjusted OR

(95% CI)
p value

Adjusted OR
(95% CI)

p value

Severe complications

LC+ COVID+ 67 Reference Reference Reference

LC+ COVID– 332 0.468 (0.238–0.919) 0.03 0.408a (0.199–0.835) 0.01 0.356b (0.170–0.745) 0.01

LC– COVID+ 333 0.538 (0.270–1.071) 0.08 0.811a (0.360–1.830) 0.61 1.082c (0.416–2.817) 0.87

Oxygen therapy

LC+ COVID+ 67 Reference Reference Reference

LC+ COVID– 332 0.438 (0.202–0.949) 0.04 0.425a (0.187–0.964) 0.04 0.358b (0.153–0.840) 0.02

LC– COVID+ 333 0.789 (0.374–1.661) 0.53 1.041a (0.436–2.484) 0.93 1.095c (0.421–2.844) 0.85

Death

LC+ COVID+ 67 Reference Reference Reference

LC+ COVID– 332 1.078 (0.421–2.762) 0.88 0.817a (0.295–2.258) 0.70 0.712b (0.252–2.010) 0.52

LC– COVID+ 333 0.748 (0.266–2.101) 0.58 1.787a (0.469–6.806) 0.39 6.426c (0.733–56.368) 0.09

Liver cirrhosis-related complications

LC+ COVID+ 67 Reference Reference Reference

LC+ COVID– 332 0.472 (0.140–1.594) 0.23 0.389 (0.105–1.449) 0.16 0.354b (0.091–1.379) 0.13

COVID-19, coronavirus disease 2019; OR, odds ratio; CI, confidence interval; LC, liver cirrhosis.
aModel 1: adjusted for hypertension, dyslipidemia, and the Charlson comorbidity index (CCI).
bModel 2: adjusted for decompensated liver cirrhosis, hypertension, cardiovascular disease, cancer, chronic obstructive pul-
monary disease, end-stage renal disease with dialysis, and the CCI.
cModel 3: adjusted for decompensated liver cirrhosis, diabetes, cancer, immunocompromised status, and the CCI.
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for underlying comorbidities (Table 3). Moreover, cir-
rhotic patients infected with COVID-19 (LC+ COVID+) 
appeared to have a higher death rate than those patients 
with cirrhosis who were not infected with COVID-19 
(LC+ COVID–) despite the lack of statistical significance. 
In addition, COVID-19 infection was not associated 
with the development of LC-related complications in 
the multivariate analysis (Table 3).

Comparison of the clinical characteristics between 
those with and without severe complications
Of the patients in the LC+ COVID+ group, those who 
developed severe complications were older and more 
likely to have hypertension, cancer, COPD, and a higher 
CCI than those who did not develop severe complica-

tions from COVID-19 (Table 4). Of the patients in the 
LC– COVID+ group, severe complications were more 
likely to develop in older patients and those with dia-
betes, hypertension, dyslipidemia, COPD, and a higher 
CCI.

DISCUSSION

Our nationwide cohort study of the Republic of Korea 
suggests that the presence of LC was not independently 
associated with a higher risk of severe complications in 
patients with COVID-19 per se. On the contrary, in cir-
rhotic patients, the COVID-19 infection was more like-
ly to cause severe complications when compared to the 

Table 4. Baseline characteristics of patients with liver cirrhosis and COVID-19 infection according to the presence of compli-
cations (n = 400)

Characteristic
LC+ COVID+ LC– COVID+

Complications+
(n = 18)

Complications–
(n = 49)

p value
Complications+

(n = 60)
Complications–

(n = 273)
p value

Male sex 12 (66.7) 28 (57.1) 0.48 33 (55.0) 167 (61.2) 0.38

Age, yr 68.9 ± 13.0 56.6 ± 15.4 < 0.01 71.8 ± 13.0 57.2 ± 14.8 < 0.01

Region of diagnosis

Daegu & Gyeongbuk 7 (38.9) 17 (34.7) 0.75 43 (71.7) 172 (63.0) 0.20

Testing hospital

3rd, % 5 (27.8) 4 (8.2) 0.05 12 (20.0) 31 (11.4) 0.07

Comorbidities

Decompensated liver  
cirrhosis

7 (38.9) 12 (24.5) 0.25 0 0 -

Diabetes 8 (44.4) 13 (26.5) 0.16 21 (35.0) 47 (17.2) < 0.01

Hypertension 12 (66.7) 15 (30.6) < 0.01 35 (58.3) 100 (36.6) < 0.01

Dyslipidemia 5 (27.8) 14 (28.6) 0.95 31 (51.7) 85 (31.1) < 0.01

Cardiovascular  
disease

3 (16.7) 6 (12.2) 0.69 12 (20.0) 32 (11.7) 0.09

Cancer 8 (44.4) 4 (8.2) < 0.01 7 (11.7) 13 (4.8) 0.06

COPD 7 (38.9) 2 (4.1) < 0.01 16 (26.7) 38 (13.9) 0.02

Asthma 4 (22.2) 8 (16.3) 0.72 12 (20.0) 40 (14.7) 0.30

ESRD with dialysis 0 0 (0) - 0 0 -

Immunocompro-
mised status

1 (5.6) 8 (16.3) 0.43 2 (3.3) 11 (4.0) 1.00

CCI 5.6 ± 3.1 3.9 ± 2.4 0.02 3.5 ± 2.3 1.9 ± 2.0 < 0.01

Values are presented as number (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019; LC, liver cirrhosis; COPD, chronic obstructive pulmonary disease; ESRD, end-stage re-
nal disease; CCI, Charlson comorbidity index.
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cirrhotic patients without COVID-19 infection included 
in the study. Development of severe complications from 
COVID-19 in patients with cirrhosis was significantly 
associated with older age, hypertension, cancer, COPD, 
and a higher CCI as reported in previous studies. 

It remains unanswered whether pre-existing liver dis-
eases, including LC, are prognostic factors in patients 
with COVID-19. COVID-19-related liver injury has re-
ceived much attention recently; it is defined as any liver 
damage occurring during the disease progression and 
treatment of COVID-19. Elevated liver enzymes are fre-
quently observed in patients with COVID-19, particu-
larly in severe cases. However, the exact pathogenesis 
of COVID-19-related liver injury has not yet been elu-
cidated. In addition, the elevated liver enzymes caused 
by COVID-19 infection might have many causes, such 
as direct liver injury from COVID-19, sepsis-associat-
ed cholestasis, and drug-induced liver injury during 
the treatment of COVID-19 [21,22]. The drug treatment 
for COVID-19 includes lopinavir/ritonavir, remdesivir, 
chloroquine, and tocilizumab which are associated with 
various degrees of liver injury [23-25]. Most recent stud-
ies argue that COVID-19-related liver injuries are usu-
ally transitory and of a mild degree, with little clinical 
significance [22]. Indeed, liver failure leading to death 
in patients with COVID-19 has rarely been reported 
and whether the liver failure was directly caused by 
COVID-19 remained ambiguous [26]. Notably, our re-
sults did not show a significant association between the 
development of severe complications from COVID-19 
and the presence of LC. 

Contrary to our findings, LC was independently asso-
ciated with an increased risk of death in a recent large 
observational study, which included 54 (1.3%) patients 
with COVID-19 and LC out of 3,998 hospitalized patients 
[27]. A study from China reported that disease progres-
sion was significantly higher in COVID-19 patients with 
chronic liver disease, including LC, when compared to 
those without chronic liver disease [28]. However, out of 
a total of 140 patients, this report only included three 
patients with cirrhosis. Another prospective study from 
North America suggested that LC+ COVID+ patients 
had a higher mortality than LC- COVID+ patients [11]. 
However, most of these studies were derived from hos-
pitalized patients [10-13,21]. The severity of liver injury in 
or impact of cirrhosis on COVID-19 infection in asymp-

tomatic or mildly symptomatic cirrhotic patients is un-
known. In this regard, compared with the above studies, 
we not only included patients who were hospitalized for 
COVID-19 but also mild cases that were not admitted to 
hospital. Therefore, the significant association between 
the severe complications of COVID-19 and presence of 
LC might be less evident when compared with previous 
reports. Another plausible explanation could be the dif-
ference in the etiologies of LC between our study and 
previous studies. Non-alcoholic fatty liver disease and 
alcoholic liver disease are the most common etiologies 
of LC in Europe and North America. Obesity, diabe-
tes, dyslipidemia, and hypertension, which tend to be 
accompanied by non-alcoholic fatty liver disease were 
proven to be associated with a higher risk of severe com-
plications in patients with COVID-19. However, chronic 
hepatitis B is attributable as the etiology for more than 
70% of LC cases in Korea [29]. The inconsistency of our 
results when compared with other reports may partly be 
attributed to this difference in LC etiologies. In addi-
tion, it is important to note that so far studies evaluating 
the impact of cirrhosis on the prognosis of COVID-19 
infection have many limitations because of the small 
number of cases and various study designs. When tak-
en together, it is currently difficult to conclude that cir-
rhotic patients with COVID-19 have an increased risk 
of severe complications or mortality comparing with 
the patients with COVID-19 only, despite the general 
expectation of a poor outcome in patients with LC and 
COVID-19 infection [30].

Our study is consistent with previous reports regard-
ing the prognostic factors for severe complications of 
COVID-19 in the patients with cirrhosis and COVID-19, 
such as older age, hypertension, cancer, COPD, and a 
higher CCI [31]. This implies that underlying medical 
comorbidities other than cirrhosis may aggravate the 
course of COVID-19 infection. These comorbidities are 
known to leave patients vulnerable to developing the se-
vere complications of COVID-19 [2,5,32-34].

Interestingly, cirrhotic patients with COVID-19 (LC+ 
COVID+) appeared to have about a three-fold risk of se-
vere complications, when compared to those with cir-
rhosis only (LC+ COVID–). Although this result did not 
address a direct comparison between the LC+ COVID+ 
and LC+ COVID- groups, this indicates that patients 
with cirrhosis were more vulnerable to worse outcomes 
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when they were infected with COVID-19 during this 
pandemic. A multicenter prospective study from North 
America showed a similar trend but the statistical sig-
nificance was not attained [11].

There are several limitations to our study. We used 
data from the National Health Insurance claims data-
base and baseline clinical characteristics were derived 
from ICD-10 codes. Coding accuracy of disease condi-
tions could be a limiting factor. However, the definitions 
we used in the study were rigorously validated and are 
widely used in this type of nationwide cohort study [35]. 
In addition, although we included all cirrhotic patients 
with COVID-19+ among Koreans who were tested for 
COVID-19, we were able to include 67 cirrhotic patients 
with COVID-19 infection. Because the absolute number 
of included cases seemed relatively small, our findings 
might not be generalizable. However, considering the 
low prevalence of cirrhosis among the general popu-
lation, our study included one of the largest numbers 
of cirrhotic patients with COVID-19 infection. Another 
limitation of the present study was that there were sig-
nificant differences in comorbidities among the three 
groups. However, we applied a propensity score match-
ing method and adjusted various comorbidities to min-
imize the confounding caused by these differences.

 Our data were not able to include laboratory param-
eters such as the Child-Pugh score and model for end-
stage liver disease to accurately assess liver function in 
the patients with LC. Given that other underlying co-
morbidities may affect the course of COVID-19 infection 
more than cirrhosis, we adjusted for these comorbidi-
ties, including decompensated cirrhosis, in our analysis. 
From our study, the susceptibility of cirrhotic patients 
to COVID-19 infection remains elusive. Although no 
difference was found in the susceptibility of patients 
with cirrhosis to COVID-19 infection (data not shown), 
it should be considered that many factors contribute to 
the susceptibility of certain diseases to COVID-19 and 
that this is very difficult to evaluate in an infection that 
is as highly contagious as this.

Our study included several statistical measures to ac-
count for the possible biases that may be associated with 
such unequal distributions of the COVID-19 outbreak. 
Until May 15, 2020, 74.8% of the patients in South Ko-
rea were from the Daegu and Gyeongbuk regions. To 
reduce the effects of possible biases, we have added the 

details of distinct epidemiology and testing hospital as 
additional variables.

In conclusion, our nationwide cohort study of the 
Republic of Korea suggests that LC per se was not inde-
pendently associated with the development of severe 
complications, including mortality, in patients with 
COVID-19. Older age, hypertension, COPD, and a high-
er CCI score were associated with poorer outcomes in 
patients with COVID-19, as previously reported. Howev-
er, the impact of LC on the outcome of COVID-19 infec-
tion needs to be examined in future prospective studies 
with large numbers of patients.
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Supplementary Table 1. Definition of the comorbidities

Diagnosis ICD-10 codes Claim codes

Decompensated liver cirrhosis K72.0, K72.1, K72.9, R18, I85.0, I98.3 Admission or outpatient department ≥ 1

Diabetes E10–E14 Prescription of anti-diabetic drugs ≥ 1

Hypertension I10–I11 Prescription of anti-hypertensive drugs ≥ 1

Dyslipidemia E78 Prescription of lipid-lowering drugs ≥ 1

Cardiovascular disease I21–I24 for myocardial infarction, 
I60–I69 for stroke

Admission or outpatient department ≥ 1

Cancer C00–C97 Admission or outpatient department ≥ 1

COPD J41–J44 Admission or outpatient department ≥ 1

Asthma J45–J46 Admission or outpatient department ≥ 1

ESRD with dialysis N18–N19, Z49, Z99.2 O701–O702 for hemodialysis ≥ 1 or O707 for perito-
neal dialysis ≥ 1

Immunocompromised status M05-M09, M30-M36 for autoimmune 
disease, B20–B24, F24, O987, Z21 for 
HIV/AIDS

Admission or outpatient department ≥ 1

ICD-10, International Classification of Diseases, 10th revision; COPD, chronic obstructive pulmonary disease; ESRD, end-
stage renal disease; HIV, human immunodeficiency virus; AIDS, acquired immune deficiency syndrome.
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Supplementary Table 2. ICD-10 codes for complications

ICD-10 codes or HIRA general name code

Severe complications

Oxygen therapy M0040, M0046, M5850, M5857, M5858, M5859, M5860

Vasopressors Norepinephrine: 2031
Epinephrine: 3138, 1526, 6694
Vasopressin: 2473
Dopamine: 1487, 3894, 3895, 3897, 4295
Dobutamine: 1482, 3890, 3996

Admission for intensive care unit Claim codes including ‘AJ’

Continuous renal replacement therapy O7031, O7032, O7033, O7034, O7035, O7051, O7052, O7053, O7054, O7055

Liver cirrhosis related complications

Varix At least 1 or more medical record by year via I850, I859,
At least 1 or more medical record by year via I850, I859 & K74
Prescribed with beta-blocker (2199, 1250, 6622) along with K74

Ascites At least 1 or more medical record by year via R18 & K74
Prescribed with diuretic (1638, 2420, 2627, 2311) along with K74
Prescribed with albumin (2271, 3697) along with K74 and abdominal paracentesis 
(C8050)

Hepatorenal syndrome At least 1 or more medical record by year via K767
Prescribed with terlipressin (2360) & albumin (2271, 3697) for more than 4 days

Spontaneous bacterial peritonitis At least 1 or more medical record by year via K658, K659, K74, and abdominal 
paracentesis (C8050) simultaneously

Encephalopathy Prescribed with duphalac (1808) along with K74
Prescribed with duphalac (1808) along with enema procedure

ICD-10, International Classification of Diseases, 10th revision; HIRA, Health Insurance Review and Assessment Service.
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Supplementary Table 3. Baseline characteristics of patients with liver cirrhosis grouped according to the COVID-19 
infection before case-control matching (n = 13,681)

Characteristic 
LC+ COVID+

(n = 67)
LC+ COVID–

(n = 6,395)
LC– COVID+

(n = 7,219)
p value

Male sexa 40 (59.7) 4,076 (63.7) 2,896 (40.1) < 0.01
Age, yra,b 59.9 ± 15.7 62.3 ± 14.3 47.2 ± 18.9 < 0.01
Region of diagnosis

Daegu & Gyeongbuka 43 (64.2) 770 (12.0) 3,865 (53.5) < 0.01
Tested hospital

3rda 9 (13.4) 3,300 (51.6) 1,389 (19.2) < 0.01
Comorbidities

Decompensated liver cirrhosis a,b 19 (28.4) 3,199 (50.0) 0 < 0.01
Diabetesa 21 (31.3) 2,488 (38.9) 802 (11.1) < 0.01
Hypertension a,b 27 (40.3) 3,645 (57.0) 1,714 (23.7) < 0.01
Dyslipidemia 19 (28.4) 2,329 (36.4) 1,584 (21.9) < 0.01
Cardiovascular disease 9 (13.4) 1,393 (21.8) 540 (7.5) < 0.01
Cancer a,b 12 (17.9) 3,022 (47.3) 330 (4.6) < 0.01
COPDa 9 (13.4) 1,763 (27.6) 726 (10.1) < 0.01
Asthma 12 (17.9) 1,472 (23.0) 915 (12.7) < 0.01
ESRD with dialysisa 0 387 (6.1) 20 (0.3) < 0.01
Immunocompromised statusa 9 (13.4) 480 (7.5) 265 (3.7) < 0.01
CCIa,b 4.3 ± 2.7 6.8 ± 3.8 1.4 ± 1.9 < 0.01

Severe complications a,b 18 (26.9) 1,068 (16.7) 686 (9.5) < 0.01
Oxygen therapy a,b 12 (17.9) 631 (9.9) 574 (7.8) < 0.01
Vasopressorsa 4 (6.0) 267 (4.2) 97 (1.3) < 0.01
Admission for intensive care unit 2 (3.0) 252 (3.9) 110 (1.5) < 0.01
Continuous renal replacement therapy 1 (1.5) 44 (0.7) 21 (0.3) < 0.01
Deatha 6 (9.0) 501 (7.8) 225 (3.1) < 0.01

Liver cirrhosis related complications 3 (4.5) 524 (8.2) - 0.37
Varix 2 (3.0) 195 (3.1) - 1.00
Ascites 2 (3.0) 350 (5.5) - 0.59
Hepatorenal syndrome 0 64 (1.0) - 1.00
Spontaneous bacterial peritonitis 0 11 (0.2) - 1.00
Encephalopathy 3 (4.5) 233 (3.6) - 0.74

Values are presented as number (%) or mean ± standard deviation.
COVID-19, coronavirus disease 2019; LC, liver cirrhosis; COPD, chronic obstructive pulmonary disease; ESRD, end-stage re-
nal disease; CCI, Charlson comorbidity index.
ap < 0.05 between LC+ COVID+ and LC– COVID+.
bp < 0.05 between LC+ COVID+ and LC+ COVID–.
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