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Chronic liver disease
not a significant comorbid
condition for COVID-19

Jiahao Lin'®, Bingting Bao?°, Nigar Anjuman Khurram3, Kasey Halsey*®, Ji Whae Choi**,
Lesan Wang®, Thi My Linh Tran*>, Wei-Hua Liao’, Michael D. Feldman?, Paul J. Zhang?,
Jing Wu'™ & Harrison X. Bai**™*

To explore the role of chronic liver disease (CLD) in COVID-19. A total of 1439 consecutively
hospitalized patients with COVID-19 from one large medical center in the United States from March
16, 2020 to April 23, 2020 were retrospectively identified. Clinical characteristics and outcomes were
compared between patients with and without CLD. Postmortem examination of liver in 8 critically
ill COVID-19 patients was performed. There was no significant difference in the incidence of CLD
between critical and non-critical groups (4.1% vs 2.9%, p=0.259), or COVID-19 related liver injury
between patients with and without CLD (65.7% vs 49.7%, p=0.065). Postmortem examination of liver
demonstrated mild liver injury associated central vein outflow obstruction and minimal to moderate
portal lymphocytic infiltrate without evidence of CLD. Patients with CLD were not associated with a
higher risk of liver injury or critical/fatal outcomes. CLD was not a significant comorbid condition for
COVID-19.

Abbreviations

CLD Chronic liver disease

COVID-19 Coronavirus disease-19

SARS-CoV-2  The severe acute respiratory syndrome CoV-2 coronavirus

ICU Intensive care unit

SD Standard deviation

ALT Alanine aminotransferase

AST Aspartate aminotransferase
ALP Alkaline phosphatase

TP Total protein

TB Total bilirubin

DB Direct bilirubin

NASH Non-alcoholic steatohepatitis
NAFLD Nonalcoholic fatty liver disease

The Coronavirus disease-19 (COVID-19), caused by the severe acute respiratory syndrome CoV-2 coronavirus
(SARS-CoV-2), has posed a critical threat to global health. As of November 8, 2020, over 49.7 million COVID-19
patients with over 1.2 million deaths globally have been confirmed’.

Mortality rates of this pandemic disease were reported to be 2-6%?, which can be associated with comorbidi-
ties such as hypertension, diabetes and cardiovascular disease®. In addition, previous studies have shown a close
association between liver injury and COVID-19 severity*. However, the impact of chronic liver disease (CLD)
as a comorbidity on the outcome of COVID-19 remains controversial®®. Patients with CLD were assumed to
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be susceptible for developing COVID-19 and liver injury due to their immunocompromised status. However,
the overall prevalence of CLD in COVID-19 was reported to be 3% by a recent meta-analysis®, which was low
compared to other comorbidities®. Worse outcomes were either reported to be associated with CLD or not seen
in patients with CLD*%.

Liver injury in COVID-19 or the disease itself can be related to an immune reaction. The host immunity of
patients with CLD is likely compromised!®!!. However, this may serve a protective function rather than being
harmful, and may explain controversial findings in the existing literature. With the goal of exploring the complex
role of CLD in COVID-19, this study investigated factors associated with critical outcomes for COVID-19 and
compared the clinical characteristics and outcomes between patients with and without CLD.

Methods

Study design and participants. A retrospective observational cohort study included patients diagnosed
with COVID-19 from one large academic center in the United States from March 16, 2020 to April 23, 2020.
Detailed data sources are shown in Supplementary Fig. S1. A total of 1439 consecutively hospitalized patients
were included in the analysis. The study was approved and the requirement for informed consent was waived
by Institutional Review Boards of Hospital of University of Pennsylvania. All methods were carried out in
accordance with relevant guidelines and regulations.

Data collection. Clinical and laboratory data were collected from the electronic medical records. For each
patient, the extracted data were divided into four categories including demographics (age and sex), comorbidi-
ties (hypertension, diabetes, cardiac or cerebrovascular disease, malignancy, chronic liver or kidney disease),
liver function tests, and clinical outcomes. CLD was defined as progressive deterioration of liver functions for
more than 6 months before admission'?. Liver function test included alanine aminotransferase (ALT, normal
range: 6-45 U/L), aspartate aminotransferase (AST, 10-42 U/L), alkaline phosphatase (ALP, 34-104 U/L), total
protein (TP, 6.0-8.0 G/DL), albumin (3.5-5.0 G/DL), total bilirubin (TB, 0.2-1.3 MG/DL), and direct bilirubin
(DB, 0-0.3 MG/DL). All liver function tests available before and after the diagnosis of COVID-19 were recorded
to assess dynamic change. Liver injury was defined as any parameter above the normal upper limit, based on
the worst liver function test result recorded during hospitalization. The following outcome measures were deter-
mined: hospital mortality, use of mechanical ventilation, and intensive care unit (ICU) admission. Patients were
then classified into critical and non-critical groups. Patients were defined as critical if they had any of the follow-
ing outcomes: death, use of mechanical ventilation, or admission to the ICU. Otherwise, they were defined as
non-critical. Lastly, postmortem histologic examination of liver was performed in eight COVID-19 patients who
died consecutively during the months of May and early June 2020 in a tertiary care center in the United States.

Statistical analysis. Outcome and baseline characteristics were compared between critical and non-critical
groups using chi-square test or Student’s t test. Kaplan—Meier survival analysis with log-rank test was performed
to compare overall survival and time to mechanical ventilation/ICU admission in COVID-19 patients with or
without CLD. Multivariable Cox regression analysis for the association between base characteristics and adverse
outcome was performed. All analyses were performed using SPSS 22.0 (SPSS Inc., Chicago, IL).

Results

Among 1439 patients included, 415 (28.8%) patients had critical outcomes. Patients in critical group were
older than those in non-critical group (mean age, 66.8 years vs 50.5 years, p <0.001 ), with higher incidence of
comorbidities including hypertension (69.4% vs 45.5%, p <0.001), diabetes (47.0% vs 26.2%, p <0.001), cardio-
vascular disease (42.7% vs 18.7%, p <0.001), and malignancy (14.9% vs 6.7%, p <0.001) (Table 1). Multivari-
able Cox regression analysis showed that patients older than 50 years had a significantly higher risk of critical
outcomes (HR, 0.649; 95% CI, 0.451-0.933; p=0.020). Comorbidities including hypertension (HR, 0.683; 95%
CI, 0.485-0.963; p=0.030), cardiovascular disease (HR, 0.698; 95% CI, 0.537-0.907; p=0.007), and malignancy
(HR, 0.613; 95% CI, 0.446-0.841; p =0.002) were independent predictors of critical outcomes in multivariable
Cox regression analysis (Table 2).

Among 1439 COVID-19 positive patients, 47 (3.3%) patients with CLD were identified, with 36 chronic
hepatitis B/C, 7 non-alcoholic steatohepatitis (NASH), 5 alcoholic cirrhosis, 4 combination of chronic hepatitis
B/C and NASH or alcoholic cirrhosis or hepatocellular carcinoma, and 1 other specified disorders of liver. The
detailed clinical information of these 47 patients with CLD are shown in Supplementary Table S1. There was no
significant difference in the incidence of CLD between critical and non-critical groups (4.1% vs 2.9%, p=0.259).
Among 47 patients with CLD, 35 patients had a record of liver function tests, and 17(63.0%) patients had critical
outcomes. There was no significant difference between clinical variables and adverse outcomes (Supplementary
Table S2). Among 1439 patients included, 901 patients had a record of liver function tests, 446 of whom developed
acute liver injury as judged by new abnormal liver function test during hospitalization. The incidence of acute
liver injury was higher in the critical group than non-critical group (69.0% vs. 38.3%, p <0.001). Liver injury
was an independent predictor of critical outcomes (HR, 2.506; 95% CI, 1.913-3.285; p <0.001) in multivariable
Cox regression analysis.

There was no significant difference in the incidence of acute liver injury (65.7% vs 49.7%, p =0.065) or mean
time to development of acute liver injury (3.30 days vs 3.26 days, p=0.968) between CLD and non-CLD groups
(Supplementary Table S3). There was also no significant difference between the CLD and non-CLD groups
in overall survival (log-rank p=0.910) or time to mechanical ventilation/ICU admission (log-rank p =0.208)
(Fig. 1).
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Clinical and laboratory | Total (n=1439) | Non-critical (n=1024) | Critical’ (n=415) | p Value

Age, mean £ SD, years 55.2+£19.9 50.5+19.4 66.8+15.7 <0.001
Sex

Male 723 (50.2) 495 (48.3) 228 (54.9) 0.023
Female 716 (49.8) 529 (51.7) 187 (45.1)

Comorbidities

Cardiovascular disease 368 (25.6) 191 (18.7) 177 (42.7) <0.001
Chronic kidney disease 198 (13.8) 114 (11.1) 84 (20.2) <0.001
Chronic liver disease 47 (3.3) 30 (2.9) 17 (4.1) 0.259
Diabetes 463 (32.2) 268 (26.2) 195 (47.0) <0.001
Hypertension 754 (52.4) 466 (45.5) 288 (69.4) <0.001
Malignancy 131 (9.1) 69 (6.7) 62 (14.9) <0.001
Abnormal liver function tests

ALT 289 (64.8) 128 (62.8) 161 (66.5) 0.494
AST 420 (94.1) 186 (91.2) 234 (96.6) 0.040
AKP 205 (46.0) 84 (41.2) 121 (50.0) 0.114
TP 247 (55.8) 69 (34.0) 178 (74.1) <0.001
Albumin 357 (80.9) 128 (63.3) 229 (96.0) <0.001
TB 57 (12.7) 15(7.5) 42 (17.0) 0.010
DB 105 (29.0) 33(20.7) 72 (35.6) 0.008
Liver injury$ 446 (50.5) 204 (38.3) 242 (69.0) <0.001

Table 1. Clinical characteristics of COVID-19 patients stratified into critical or non-critical groups.

SD, standard deviation; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; TP, total protein; TB, total bilirubin; DB, direct bilirubin. TPatients were classified into critical
and non-critical groups. Patients were defined as critical if they had any of the following outcomes: death, use
of mechanical ventilation, or admission to the ICU. If they did not, they were defined as non-critical. *The
number and percentage for all the lab values are for patients with abnormal lab values (i.e., above the normal
upper limit). Liver injury was defined as any parameter above the normal upper limit (including ALT, 6-45
U/L; AST, 10-42 U/L; ALP, 34-104 U/L; TP, 6.0-8.0 G/DL; albumin, 3.5-5.0 G/DL; TB, 0.2-1.3 MG/DL; DB,
0-0.3 MG/DL), based on the worst liver function test result recorded during hospitalization.

Variable B HR (95% CI) ?

Sex —-0.186 | 1.204 (0.936-1.548) 0.148
Age (<50/>50) 0.432 | 0.649 (0.451-0.933) 0.020
Chronic kidney disease 0.109 | 0.897 (0.671-1.200) 0.464
Chronic liver disease —-0.161 | 1.175(0.702-1.965) 0.540
Hypertension 0.381 | 0.683 (0.485-0.963) 0.030
Diabetes 0.240 | 0.786 (0.604-1.023) 0.074
Cardiovascular disease 0.359 | 0.698 (0.537-0.907) 0.007
Malignancy 0.490 | 0.613 (0.446-0.841) 0.002
Liver injury 0.919 |2.506 (1.913-3.285) | <0.001

Table 2. Multivariable Cox regression for clinical outcomes in COVID-19 patients.

In postmortem liver histologic evaluation, the most common finding was variable degree of lymphocytic por-
tal triaditis, followed by variable degree of central vein out flow obstruction and injury and focal fibrin thrombi.
No bile duct injury was detected. Concordant with history, there was no evidence of CLD such as cirrhosis,
chronic hepatitis, and steatosis in all eight patients (Fig. 2; Supplementary Table S4).

Discussion

With data from one large academic center in the United States, the current study demonstrated that the incidence
of CLD in COVID-19 (3.3%) was low and within the range of previous studies*>*'>!*. CLD was a very uncom-
mon comorbidity for COVID-19 patients compared to other comorbidities and it also did not appear to be
associated with critical outcomes. The incidence of CLD (3.3%) was even lower than the prevalence of hepatitis B
infection in the US adult population (4.3%)"°. The incidence of alcoholic hepatitis was also lower in our patients
(<1%) than in the general US population (8%)'®. These findings concurred with the observation that no evidence
of CLD was found in eight postmortem liver autopsies, while liver injury was common in critical patients due to
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Figure 1. Kaplan-Meier survival curves of (A) overall survival, and (B) time to mechanical ventilation/ICU
admission in COVID-19 patients with CLD or without CLD.

variable severity of central vein out flow obstruction and mild portal lymphocytic triaditis. Central vein outflow
associated pathology is likely due to right heart failure commonly seen in these fatal cases while the significance
and biology of lymphocytic triaditis is unknown.

Similar to other studies, older age, and comorbidities including hypertension, acute liver injury, malignancy
and cardiovascular diseases were associated with critical outcomes. The incidence of liver injury was higher in
critically ill patients than in non-critically ill patients. However, none of the above indicators was associated with
critical outcomes in sub analysis of patients with CLD, and liver injury was not associated with a history of CLD
in hospitalized COVID-19 patients. The time distribution of liver injury also suggested that acute liver injury
generally occurred earlier and was not affected by the side effects of treatment. The main results in the present
study are consistent with a previous study, which demonstrated that outcomes were not worse in 47 patients with
CLD and COVID-19 than those without CLD and COVID-19 using data from seven Chinese studies®. Another
study from China by Guan et al. showed that only one out of 23 COVID-19 patients (2.1%) with Hepatitis B
infection had a severe outcome®. Fan et al. also showed that there was no statistical difference in the proportion
of chronic hepatitis B/C between an abnormal liver function group and a normal liver function group'”. Interest-
ingly, a limited number of studies and a recent meta-analysis reported findings contradictory to those herein.
Singh et al. compared the outcomes of patients with and without a preexisting liver disease by using the TriNetX
(Cambridge, MA) Research Network, and found that patients with a preexisting liver disease were at increased
risk for mortality compared to patients without liver disease’. Ji et al. demonstrated that patients with NAFLD
had a higher risk of liver injury and disease progression®. A meta-analysis conducted by Kovalic et al. used data
from 73 pooled clinical studies to conclude that CLD is associated with more severe COVID-19 infection and
higher mortality in COVID-19 patients'®.

The most likely explanation for the high prevalence of positive associations found in the literature between
CLD and COVID-19 severity is that patients with CLD in the meta-analysis probably have other comorbidities
that contributed to the higher severity and mortality. This was not investigated in the meta-analysis because
multivariate analyses were not performed. Publication bias could also be in favor of these positive findings.
Another possible reason for contradictory results in the literature could be the different composition of CLD
types in COVID-19 patients. Kovalic et al. mentioned that most of the studies included in their meta-analysis
did not categorize their CLD patients based on specific disease etiologies of CLD nor did they come with a set
definition for CLD'®, which makes it more difficult to pinpoint if the positive association they found between CLD
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Figure 2. Postmortem liver findings in COVID-19. (A), (B) and (C) from patient 5, show minimal (A) to
moderate (B) portal lymphocytic infiltrate and central vein outflow obstruction injury (C); (D) from patient
3, shows minimal portal lymphocytic infiltrate and fibrin thrombi; (E) and (F) from patient 7, show extensive
central vein outflow obstruction associated with centrilobular necrosis (E) and mild portal lymphocytic
infiltrate (F).

and COVID-19 severity is driven by one type of CLD or various types or CLD at all. It is known that the major-
ity (77%, 36/47) of our patients from the United States had chronic hepatitis B/C, while patients with chronic
hepatitis B/C in the study by Singh et al. only accounted for 21% of the COVID-19 cohort’—the worse outcomes
observed in CLD patients with COVID-19 from their study could have been due to etiologies of CLD other than
hepatitis B/C. We speculate that the comorbid mechanism of liver injury by various hepatitis viruses in COVID-
19 patients is different from that of other types of CLD. Another possible explanation is altered immune status
of unknown etiology in some patients with CLD. This is supported by the observation of lymphocytic triaditis
during postmortem evaluation of critical COVID-19 patients. Although the liver injury in these 8 patients did
not seem to contribute significantly to their demise, the potential long-term effect of this possible viral related
liver injury in COVID-19 patients remains unknown. These observations may support a possible protective role
of some CLD diseases in COVID-19 through alternating the host innate immunity against the virus'’.

Several limitations in the present study are worth noting. First, this is a retrospective study from a single aca-
demic center in the United States. Second, all patients enrolled in the study were inpatient and possible selection
bias cannot be eliminated because outpatients can also suffer from CLD. Since the incidence of CLD in outpa-
tients tends to be similar if not lower than that in inpatients and outpatients tend to less ill*, it is likely that adding
outpatients may further support our findings. To better define the impact of CLD on COVID-19, future studies
will focus on subgroup analysis of CLD with different etiologies and severities in a larger, prospective cohort.

In conclusion, patients with CLD were not associated with higher risk of liver injury or critical outcomes. In
hospitalized COVID-19 patients, CLD did not appear to be a premorbid or comorbid condition to COVID-19.
These findings can inform healthcare providers’ determination of risk factors for critical outcomes and their
subsequent allocation of healthcare resources during the current COVID-19 pandemic. Further studies with a
large cohort size and subgroup analysis are needed to validate these findings.

Data availability
The datasets analyzed during the current study are available from the corresponding author on reasonable
request.

Received: 4 February 2021; Accepted: 19 May 2021
Published online: 03 June 2021

References
1. World Health Organization. COVID-19 weekly epidemiological update (accessed 12 November 2020). https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20201110-weekly-epi-update-13.pdf?sfvrsn=24435477_15&download=true (2020).
2. Jothimani, D., Venugopal, R., Abedin, M. E, Kaliamoorthy, I. & Rela, M. COVID-19 and liver. J. Hepatol. 73, 1231-1240 (2020).
3. Guan, W. et al. Comorbidity and its impact on 1590 patients with COVID-19 in China: A nationwide analysis. Eur. Respir. . 55,
2000547 (2020).

Scientific Reports |  (2021) 11:11734 | https://doi.org/10.1038/s41598-021-91238-8 nature portfolio


https://www.who.int/docs/default-source/coronaviruse/situation-reports/20201110-weekly-epi-update-13.pdf?sfvrsn=24435477_15&download=true
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20201110-weekly-epi-update-13.pdf?sfvrsn=24435477_15&download=true

www.nature.com/scientificreports/

4. Chen, T. et al. Clinical characteristics of 113 deceased patients with coronavirus disease 2019: Retrospective study. BMJ 368, m1091
(2020).
5. Guan, W. et al. China medical treatment expert group for Covid-19. Clinical characteristics of coronavirus disease 2019 in China.
N. Engl. ]. Med. 382, 1708-1720 (2020).
6. Ji, D. et al. Non-alcoholic fatty liver diseases in patients with COVID-19: A retrospective study. J. Hepatol. 73, 451-453 (2020).
7. Singh, S. & Khan, A. Clinical characteristics and outcomes of coronavirus disease 2019 among patients with preexisting liver
disease in the United States: A multicenter research network study. Gastroenterology 159, 768-771 (2020).
8. Bangash, M. N, Patel, . & Parekh, D. COVID-19 and the liver: Little cause for concern. Lancet Gastroenterol. Hepatol. 5, 529-530
(2020).
9. Mantovani, A., Beatrice, G. & Dalbeni, A. Coronavirus disease 2019 and prevalence of chronic liver disease: A meta-analysis. Liver
Int. 40, 1316-1320 (2020).
10. Noor, M. T. & Manoria, P. Immune dysfunction in cirrhosis. J. Clin. Transl. Hepatol. 5, 50-58 (2017).
11. Albillos, A., Lario, M. & Alvarez-Mon, M. Cirrhosis-associated immune dysfunction: Distinctive features and clinical relevance.
J. Hepatol. 61, 1385-1396 (2014).
12. Sharma, A. & Nagalli, S. Chronic liver disease. https://www.ncbi.nlm.nih.gov/books/NBK554597/ (2020).
13. Wang, D. et al. Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA 323, 1061-1069 (2020).
14. Li, L. et al. Risk factors related to hepatic injury in patients with corona virus disease 2019. Infect. Dis. https://doi.org/10.1101/
2020.02.28.20028514 (2020).
15. Kruszon-Moran, D., Paulose-Ram, R., Martin, C. B., Barker, L. K. & McQuillan, G. Prevalence and trends in hepatitis B virus
infection in the United States, 2015-2018. NCHS Data Brief 361, 1-8 (2020).
16. Basra, S. & Anand, B. S. Definition, epidemiology and magnitude of alcoholic hepatitis. World J. Hepatol. 3, 108-113 (2011).
17. Fan, Z. et al. Clinical features of COVID-19-related liver functional abnormality. Clin. Gastroenterol. Hepatol. 18, 1561-1566
(2020).
18. Kovalic, A. J., Satapathy, S. K. & Thuluvath, P. J. Prevalence of chronic liver disease in patients with COVID-19 and their clinical
outcomes: A systematic review and meta-analysis. Hepatol. Int. 14, 612-620 (2020).
19. Li, G. et al. Coronavirus infections and immune responses. J. Med. Virol. 92, 424-432 (2020).
20. Weigand, K. Percutaneous liver biopsy: Retrospective study over 15 years comparing 287 inpatients with 428 outpatients. J. Gas-
troenterol. Hepatol. 24, 792-799 (2009).

Author contributions

J.-H.L., B.-T.B. contributed to data collection, statistical analysis, manuscript drafting, and editing; N.A.K,,
M.D.F. and P.J.Z. contributed to data collection, and manuscript drafting; K.H., JW.C., TM.L.T. contributed
to manuscript drafting, and editing; H.X.B. contributed to study design, manuscript drafting, and editing; J.W.
contributed to statistical analysis, manuscript drafting, and editing; L.-S.W. contributed to statistical analysis;
W.-H.L. contributed to data collection. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/s41598-021-91238-8.

Correspondence and requests for materials should be addressed to J.W. or H.X.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:11734 | https://doi.org/10.1038/s41598-021-91238-8 nature portfolio


https://www.ncbi.nlm.nih.gov/books/NBK554597/
https://doi.org/10.1101/2020.02.28.20028514
https://doi.org/10.1101/2020.02.28.20028514
https://doi.org/10.1038/s41598-021-91238-8
https://doi.org/10.1038/s41598-021-91238-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Chronic liver disease not a significant comorbid condition for COVID-19
	Methods
	Study design and participants. 
	Data collection. 
	Statistical analysis. 

	Results
	Discussion
	References


