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Abstract

Background: COVID-19 is associated with higher morbidity and mortality in

patients with chronic liver diseases (CLDs). However, our understanding of

the long-term outcomes of COVID-19 in patients with CLD is limited.

Methods: We conducted a multicenter, observational cohort study of adult

patients with CLD who were diagnosed with COVID-19 before May 30, 2020,

to determine long-term clinical outcomes. We used a control group of

patients with CLD confirmed negative for COVID-19.

Results: We followed 666 patients with CLD (median age 58 years, 52.8%

male) for a median of 384 (interquartile range: 31–462) days. The long-term

mortality was 8.1%; with 3.6% experiencing delayed COVID-19-related

mortality. Compared to a propensity-matched control group of patients with

CLD without COVID-19 (n= 1332), patients with CLD with COVID-19 had

worse long-term survival [p< 0.001; hazards ratio (HR): 1.69; 95% CI:

1.19–2.41] and higher rate of hospitalization (p< 0.001, HR: 2.00, 1.62–2.48)

over a 1-year follow-up period. Overall, 29.9% of patients reported symptoms

of long-COVID-19. On multivariable analysis, female sex (p= 0.05, HR: 2.45,

1.01–2.11), Hispanic ethnicity (p=0.003, HR: 1.94, 1.26–2.99), and severe

COVID-19 requiring mechanical ventilation (p=0.028, HR: 1.74, 1.06–2.86)

predicted long-COVID-19. In survivors, liver-related laboratory parameters

showed significant improvement after COVID-19 resolution. COVID-19

vaccine status was available for 72% (n=470) of patients with CLD and

history of COVID-19, of whom, 70% (n=326) had received the COVID-19

vaccine.

Conclusions: Our large, longitudinal, multicenter study demonstrates a high

burden of long-term mortality and morbidity in patients with CLD and COVID-

19. Symptoms consistent with long-COVID-19 were present in 30% of

patients with CLD. These results illustrate the prolonged implications of

COVID-19 both for recovering patients and for health care systems.

INTRODUCTION

The COVID-19 pandemic, first reported in late 2019,
continues to have a devastating effect on global health
with significant associated morbidity and mortality.[1] While
the clinical characteristics and complications of acute
COVID-19 have been well described,[2] long-term out-
comes after recovery from COVID-19, particularly related
to individuals with liver disease, remain unknown. Early
studies raised concern that patients who survived at least
30 days from the diagnosis of COVID-19 remain at higher
long-term risk of death.[3,4] Evolving scientific evidence also
suggests that those infected with COVID-19 can experi-
ence long-lasting debilitating symptoms, even months after
being infected with COVID-19, termed “long-COVID-
19.”[5,6] The term long-COVID-19 encompasses the
associated physical, medical, and cognitive sequelae

post-COVID-19 infection with a reported prevalence
between 30% and 54%.[7] The prevalence of these long-
term sequelae of COVID-19 in patients with chronic liver
disease (CLD) is not known.

Our group conducted a multicenter observational
cohort study of patients with CLD who acquired COVID-
19 early during the pandemic (NCT04439084), and
identified risk factors for early morbidity and mortality
from COVID-19 in patients with CLD.[8–11] We have now
performed longitudinal follow-up of this patient cohort to
understand the long-term outcomes of COVID-19 in
patients with CLD. We sought to determine if patients
with CLD and COVID-19 had a higher long-term
mortality and morbidity after initial survival beyond
30 days. Patients with CLD who were confirmed to be
negative for SARS-CoV-2 were used as a control group.
We also evaluated the prevalence of long-COVID-19
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and identified the risk factors for long-COVID-19 in
patients with CLD. As more and more patients recover
from COVID-19, it will be critical to decipher their long-
term clinical course. Our study sheds light on the natural
history of COVID-19 sequelae in patients with CLD and
underscores their need for ongoing multidisciplinary
management.

METHODS

Study design

The consortium of investigators to study COVID-19 in
chronic liver disease (COLD) study was formed on
April 14, 2020 (registered Clinicaltrials.gov
NCT04439084). A total of 17 centers in the US
participated in this multicenter observational cohort
study (Supplemental Table 1, http://links.lww.com/
HC9/A0). The institutional review board of each
participating center reviewed and approved the study
protocol. Adults (age above 18 y) with RT PCR-
confirmed diagnosis of COVID-19 between March 1
and May 30, 2020, and preexisting CLD [according to
predefined International Classification of Diseases-10
(ICD-10) codes listed and confirmed by manual chart
review, listed in Supplemental Table 2, http://links.
lww.com/HC9/A0] were included. AASLD guidelines
were used to determine the etiology of the CLD.
Patients were determined to have CLD related to
hepatitis C if they had a prior history of hepatitis C and
underwent treatment with sustained virologic
response or if they had positive hepatitis C RNA on
PCR-based testing. Patients were determined to have
CLD related to hepatitis B if their hepatitis B surface
antigen was positive. Diagnosis of cirrhosis was
confirmed by documentation of fibrosis either by
magnetic resonance elastography, fibroscan, FIB-4,
or biopsy. Diagnosis of cirrhosis was ascertained in
other patients by detailed chart review for clinical,
radiological, or biochemical evidence of liver cirrhosis.
Data on decompensation was collected from chart
review for clinical events. Presence and severity of
ascites, encephalopathy, variceal bleeding, and other
major decompensating events were collected. The
presence of comorbid conditions, such as diabetes
and hypertension, were determined by ICD-10 codes
along with manual chart review.

All the participating institutions systematically per-
formed a review of their electronic medical records to
identify all patients meeting the inclusion criteria.
Further details on study definitions have been previ-
ously published.[8,9]

All participating institutions independently identified
patients meeting inclusion criteria by searching
their electronic medical records and collected data
on clinical outcomes, long-COVID-19 symptoms,

laboratory tests, vaccination status, alcohol use,
weight changes, as well as other health and behavioral
factors. All data were collected until death or date of
last follow-up. Death was attributed to COVID-19 if it
was clinically related to COVID-19 illness, and there
were no other unrelated causes of death, as per the
CDC guidelines.[12] Liver injury was defined as alanine
transaminase (ALT) values > 2 times upper limit of
normal with the cutoffs for normal values being 19 U/L
for women and 30 U/L for men.[9,13] The World Health
Organization (WHO) definition was used to determine
long-COVID-19.[14] Long-COVID-19 was therefore
defined as persistent symptoms which began at the
time of COVID-19 diagnosis and lasted for more than
3 months in the absence of another clear explanation.
The investigators in the study performed a detailed
chart review to collect all the details regarding the
symptoms of long-COVID-19 and also performed a
detailed evaluation for alternate explanation for the
symptoms. The definition of long-COVID-19 in pub-
lished studies varies greatly, however, symptom
duration of 3 months is the most prevalent definition
of long-COVID-19 across studies.[7] The National
Institute on Alcohol Abuse and Alcoholism definition
of alcohol use was used to define moderate, heavy,
and binge drinking.[15]

Control group with CLD without COVID-19

We collected data from consecutive patients with CLD at a
single center (Stanford University) who did not have
COVID-19 and tested negative for COVID-19 during the
same period. We further confirmed these patients never
tested positive for SARS-CoV-2 throughout the entire
follow-up period. The same ICD codes used to identify
patients with CLD for the COLD study were used to identify
patients for the control group (Supplemental Table 2, http://
links.lww.com/HC9/A0). We only included patients who
had a minimum follow-up of 30 days.

Statistical analysis

A predefined statistical data analysis plan was
followed. Continuous variables are expressed as
medians and interquartile ranges (IQRs) or mean
and SD, as appropriate. Categorical variables are
summarized as counts and percentages. The statis-
tical significance of differences between groups was
evaluated by using the independent t test or the Mann-
Whitney U test for continuous variables and the χ2 test
for categorical variables. No imputation was made for
missing data. The primary outcomes studied were
overall survival and incidence of long-COVID-19. The
secondary outcomes included changes in laboratory
parameters. To determine the independent risk factors

HEPATOLOGY COMMUNICATIONS | 3

http://links.lww.com/HC9/A0
http://links.lww.com/HC9/A0
http://links.lww.com/HC9/A0
http://links.lww.com/HC9/A0
http://links.lww.com/HC9/A0
http://links.lww.com/HC9/A0


for survival, we performed multivariable Cox propor-
tional hazards analysis. Variables were selected for
inclusion in the models based on clinical plausibility,
statistical significance in the univariable model, and
availability in more than 90% of the patients. Multi-
variable analysis was performed by using Cox propor-
tional hazards analysis.

We compared long-term clinical outcomes of patients
with CLD who had COVID-19 and patients with CLD who
tested negative for SARS-CoV-2 during the same study
period. We used propensity score matching to identify a
cohort of patients with CLD without COVID-19 who were
statistically matched on a 1:2 basis using the nearest
neighbor approach. We matched those with CLD with

TABLE 1 Demographic and clinical characteristics of patients with chronic liver disease with history of COVID-19

All-cause mortality status (n= 666)
Total (n=666), n (%) Alive (n=612), n (%) Died (n=54), n (%) p

Demographic factors

Age [median (IQR)] 58.0 (19) 57.4 (20) 67 (15) <0.001

Age ≥65 y 214 (32.1) 203 (28.6) 59 (51.8) <0.001

Gender (male) 352 (52.8) 321 (52.5) 31 (57.4) 0.605

Race/ethnicity 0.562

Non-Hispanic White 205 (30.8) 192 (31.4) 13 (24.1)

Non-Hispanic Black 228 (34.2) 207 (33.8) 21 (38.9)

Hispanic 156 (23.4) 143 (23.4) 13 (24.1)

Non-Hispanic Asian 25 (3.8) 21 (3.4) 4 (7.4)

Other 27 (4.1) 25 (4.1) 2 (3.7)

Liver-related factors

Etiology <0.001
HCV 159 (23.9) 136 (22.2) 23 (42.6)

HBV 44 (6.6) 42 (6.9) 2 (3.7)
NAFLD 339 (50.9) 324 (52.9) 15 (27.8)

ALD 61 (9.2) 52 (8.5) 9 (16.7)

Other 58 (8.7) 53 (8.7) 5 (9.3)

Severity of liver disease <0.001

No cirrhosis 508 (76.3) 480 (78.4) 28 (51.9)

Compensated cirrhosis 113 (17.0) 106 (17.3) 7 (13.0)

Decompensated cirrhosis 45 (6.8) 26 (4.2) 19 (35.2)

Liver transplant 43 (6.5) 39 (6.4) 4 (7.4) 0.771

Comorbidities

Diabetes 290 (43.5) 259 (42.7) 31 (57.4) 0.045

Hypertension 389 (58.9) 356 (58.6) 33 (61.1) 0.420

Hyperlipidemia 255 (38.6) 241 (39.7) 14 (25.9) 0.057

Obesity 282 (42.7) 16 (29.6) 266 (43.8) 0.055

Cardiovascular disease 107 (16.1) 95 (15.5) 12 (22.2) 0.244

HIV 21 (3.2) 18 (3.0) 3 (5.6) 0.242

COPD 47 (7.1) 45 (7.4) 2 (3.7) 0.415

Asthma 66 (10.0) 63 (10.4) 3 (5.6) 0.346

Tobacco usea 69 (10.7) 60 (10.2) 9 (17.6) 0.101

Alcohol usea 70 (11.2) 63 (11.1) 6 (12.8) 0.637

Severity of COVID-19

Mechanical ventilation 102 (15.3) 85 (13.9)) 17 (31.5) 0.002

Bold values indicate significant P Z 0.05.
aOngoing tobacco or alcohol use at the time of diagnosis of COVID-19.
Data are expressed as the median± interquartile range or number (proportion).
Abbreviations: ALD indicates alcohol-related liver disease; COPD, chronic obstructive pulmonary disease.
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and without a history of COVID-19 for crucial variables
including those known to impact clinical outcomes with
COVID-19 including age, sex, race, ethnicity, diabetes
mellitus, cardiovascular disease, and cirrhosis. Analyses
were performed in SPSS (IBM, USA). Two-sided p
values were used and considered statistically significant
if p≤0.05.

RESULTS

Our study included 807 patients from 17 centers across 8
states and the District of Columbia. After excluding patients

who died within 30 days of COVID-19 diagnosis (n=82)
and those who had <30 days of follow-up (n=59), 666
patients were included in the final analysis (Supplemental
Fig. 1, http://links.lww.com/HC9/A0). The median follow-up
of the study was 384 days (range: 31–462 d); 85% were
followed for more than 6 months and 58% for more than a
year. Over half of the cohort were male (52.8%) with a
median age of 58 years (IQR: 47–67). NAFLD was the
most common etiology of CLD (50.9%) (Table 1). Chronic
hepatitis C was the second common etiology (23.9%), with
a majority of these patients having aviremic HCV (59.7%)
having attained sustained virologic response. Most patients
had noncirrhotic stage disease (76.3%, n=508) at the time

TABLE 2 Univariable and multivariable analyses: predictors of overall survival among patients with chronic liver disease and who recovered
from COVID-19

Univariable model for overall survival (n= 666) Multivariable model for overall survival (n= 666)
OR (95% CI) p OR (95% CI) p

Demographic factors

Age (per 10 y) 1.49 (1.21–1.84) < 0.001 1.41 (1.11–1.78) 0.005

Male 1.19 (0.69–2.05) 0.523 1.00 (0.54–1.88) 0.989

Race/ethnicity

Non-Hispanic white 1 1

Non-Hispanic black 1.45 (0.73–2.91) 0.290 0.87 (0.19–3.95) 0.859

Hispanic 1.18 (0.80–1.73) 0.396 1.08 (0.25–4.69) 0.920

Non-Hispanic Asian 1.35 (0.93–1.96) 0.111 1.44 (0.31–6.71) 0.646

Other 1.06 (0.73–1.54) 0.758 3.47 (0.60–20.06) 0.164

Liver-related factors

Etiology of liver disease

HCV 1 1
ALD 0.97 (0.45–2.09) 0.929 1.18 (0.39–3.52) 0.772

NAFLD 0.53 (0.38–0.74) 0.000 0.877 (0.21–2.87) 0.696
HBV 0.66 (0.41–1.07) 0.096 0.50 (0.16–1.51) 0.220

Other 0.87 (0.69–1.11) 0.280 0.51 (0.09–2.80) 0.435

Severity of liver disease

No cirrhosis 1 1
Compensated cirrhosis 0.84 (0.32–2.17) 0.285 0.52 (0.18–1.51) 0.231

Decompensated cirrhosis 7.32 (4.09–13.10) < 0.001 6.26 (3.35–11.66) < 0.001
Liver transplant recipient 0.92 (0.33–2.54) 0.873

Comorbidities

Diabetes 1.79 (1.05–3.07) 0.034 1.97 (1.10–3.53) 0.022

Hypertension 1.08 (0.63–1.87) 0.779

Obesity 0.57 (0.31–0.99) 0.045 0.94 (0.49–1.84) 0.875

Cardiovascular disease 1.48 (0.78–2.80) 0.234

Tobacco use 1.96 (0.95–4.03) 0.067 1.21 (0.46–3.16) 0.694

Alcohol use 1.26 (0.53–0.97) 0.596

Severity of COVID-19

Mechanical ventilation 2.78 (1.56–4.93) < 0.001 2.15 (1.15–3.99) 0.016

Bold values indicate significant P Z 0.05.
The multivariable model for all-cause mortality was adjusted for age, gender, race/ethnicity, etiology of chronic liver disease, cirrhosis, liver transplant, diabetes,
hypertension, obesity, smoking status, and alcohol consumption.
Abbreviations: ALD indicates alcohol-related liver disease; ICU, intensive care unit.
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of COVID-19 diagnosis, 17.0% (n=113) had compensated
cirrhosis, and 6.8% (n=45) had decompensated cirrhosis
(Table 1).

Overall survival of patients with CLD and
COVID-19

The overall, long-term all-cause mortality was 8.1%
(n= 54), and delayed COVID-19-related mortality
30 days after the diagnosis of COVID-19 was 3.6%
(n= 24). The 90-day and 1-year survival rate of the
cohort was 97% and 91%, respectively. The 90-day
and 1-year COVID-19 specific survival rate was 98%
and 96%. During the follow-up period, 34.2% under-
went new hospitalizations. We performed univariable
and multivariable analysis to identify the predictors of
overall long-term survival in patients with CLD and
COVID-19 (Table 2). The multivariable model for
overall survival was adjusted for variables statistically
significant in the univariable model—age, sex, race,
ethnicity, etiology of CLD, cirrhosis, hepatic decom-
pensation, diabetes, obesity, and severe COVID-19.
The predictors of overall survival were older age
[hazards ratio (HR): 1.41, 95% CI: 1.11–1.78 per 10 y],
presence of decompensated cirrhosis at the time of
diagnosis of COVID-19 (HR: 6.26, 3.35–11.66),
diabetes mellitus (HR: 1.97, 1.10–3.53) and severe
COVID-19 requiring mechanical ventilation (HR: 2.15,
1.15–3.99) (Table 2). Keeping in line with these
findings, in the subgroup of patients for whom model
for end-stage liver disease scores were available
(n= 350), we found that patients with higher model
for end-stage liver disease scores at the time of
COVID-19 had higher overall long-term mortality
(p= 0.003, HR: 1.06, 1.02–1.10).

To confirm the robustness of our results identifying
predictors of overall survival in patients with CLD and
COVID-19, we performed sensitivity analysis looking at an
earlier time-point 90-day mortality (Supplemental Table 3,
http://links.lww.com/HC9/A0). The 90-day mortality was
2.9% (n=19). The results remained stable; older age,

presence of decompensated cirrhosis at the time of
diagnosis of COVID-19, diabetes mellitus, and severe
COVID-19 requiring mechanical ventilation were also
independently associated with higher 90-day mortality
(Supplemental Table 3, http://links.lww.com/HC9/A0).

Propensity score matched analysis of CLD
patients with and without COVID-19

To evaluate if long-term mortality and morbidity was
higher in patients with CLD who had contracted SARS-
CoV-2, we used a control group of patients with CLD
who tested negative for SARS-CoV-2, during the same
time period (n= 1998). We built a propensity score
model of patients with CLD with and without a history of
COVID-19 by matching them for demographic features
and known drivers of mortality—age, sex, race, eth-
nicity, diabetes mellitus, cardiovascular disease, and
presence of cirrhosis (Supplemental Table 3, http://
links.lww.com/HC9/A0).

After propensity score matching, patients with CLD
with history of COVID-19 (n=666) had a higher
independent risk for overall mortality (1-year survival
92% vs. 98%, p<0.001, HR: 1.69, 1.19–2.41) (Fig. 1A),
and hospitalization (34.2% vs. 20.6%, p<0.001, HR:
2.0, 1.62–2.48) than patients with CLD without COVID-
19 (n=1332), during the follow-up period. Other
independent predictors of overall survival were presence
of cirrhosis (HR: 3.43, 2.43–4.79), age 65 years or
above (HR: 2.04, 1.22–2.88), diabetes mellitus (HR:
1.60, 1.13–2.28), and history of cardiovascular disease
(HR: 1.52, 1.04–2.43) (Fig. 1B). Similarly, older age (HR:
1.26, 1.00–1.58), cirrhosis (HR: 2.37, 1.87–2.99), and
cardiovascular disease (HR: 1.61, 1.22–2.11) were
associated with hospitalizations, along with increased
independent risk in Hispanic patients (HR: 1.37,
1.05–1.79) (Fig. 1C).

On subgroup analysis of the adjusted multivariable
model, patients who had severe COVID-19 requiring
mechanical ventilation had worse overall survival both
in those with cirrhosis (p< 0.001, HR: 2.59, 1.29–5.19)

F IGURE 1 Independent risk for long-term survival and hospitalizations in patients with chronic liver disease (CLD). (A) Overall survival of
propensity-matched patients with CLD with (n= 666) or without (n=1332) history of coronavirus disease 2019 (COVID-19). (B) Independent
predictors of overall mortality in patients with CLD. (C) Independent predictors of hospitalizations in patients with CLD. HR indicates hazards ratio.
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and those without cirrhosis (p<0.001, HR: 7.23,
3.62–11.27), compared to CLD without COVID-19.
The odds ratio does appear higher in patients without
cirrhosis, which we interpret cautiously since the CI is
wider given the smaller number of deaths in patients
without cirrhosis than in those with cirrhosis. It is
possible that severe COVID-19 had a disproportionate
impact on patients without cirrhosis than patients with
cirrhosis, who already have a higher mortality both with
and without COVID-19. In addition, patients with mild/
moderate COVID-19 not requiring mechanical ventila-
tion did not have a higher risk for mortality compared to
patients with CLD without COVID-19 (p= 0.09, HR:
1.62, 0.82–2.93), both in patients with and without
cirrhosis (Supplemental Figs. 2–3, http://links.lww.com/
HC9/A0).

Resolution of liver injury after COVID-19 in
patients with CLD

We evaluated all available follow-up laboratory values
for 83% (n= 550) of the patients. The following
laboratory studies showed significant improvement
after resolution of COVID-19: aspartate aminotransfer-
ase [median (IQR) peak–> recovery, 58 (65)–> 27
(21) IU/ml; p< 0.0001), ALT [39 (58)–> 26 (24) IU/ml;
p< 0.0001], bilirubin [0.6 (0.4)–> 0.5 (0.4) mg/dl;

p< 0.0001), albumin [3.0 (1.1)–> 3.9 (1.0) g/dl;
p< 0.0001], international normalized ratio [1.2
(0.3)–> 1.1 (0.3); p< 0.0001], and creatinine [1.1
(1.0)–> 0.9 (0.5) mg/dl; p= 0.0002]. In patients who
experienced acute liver injury during COVID-19
(n= 140), the median ALT decreased from 118 (IQR:
124) during COVID-19 to 34 (IQR: 43) (p< 0.0001);
and median aspartate aminotransferase decreased
from 142 (IQR: 141) to 30 (IQR: 33) during follow-up
(p< 0.0001).

We also observed improvement in peripheral blood
cell counts, including leukocyte count [7.3 (5.5)–> 6.6
(3.1) million cells/ml; p= 0.001], lymphocyte count [1.1
(1.0)–>1.8 (1.3 million/ml; p<0.0001], and neutrophil
count [4.9 (4.8)–> 4.1 (2.4) million/ml; p< 0.0001]
(Fig. 2).

Incidence and predictors of long-COVID-19
in patients with CLD

Overall, 29.9% (n=199) of patients with CLD reported
symptoms suggestive of long-COVID-19. The most
common symptoms of long-COVID-19 included persistent
dyspnea (12.6%), severe fatigue (12.3%), cough (12.2%),
arthralgias (8.0%), depression (5.4%), chest pain (5.1%),
persistent anosmia (2.6%), and palpitations (1.5%). On
multivariable analysis, female sex (HR: 1.45, 1.01–2.11,

F IGURE 2 Changes in laboratory parameters in patients with chronic liver disease who recovered from coronavirus disease 2019. ALT,
alanine transaminase; AST, aspartate aminotransferase; INR, international normalized ratio; WBC, white blood cells. *p< 0.05, **p< 0.01,
***p<0.001, ****p< 0.0001.
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p=0.05), Hispanic ethnicity (HR: 1.94, 1.26–2.99,
p=0.003), and severe COVID-19 requiring mechanical
ventilation (HR: 1.74, 1.06–2.86, p=0.028) predicted the
occurrence of long-COVID-19. Diabetes and hypertension
did not predict long-COVID-19, but obesity was associ-
ated with a reduced risk of long-COVID-19 in patients with
CLD (HR: 0.45, 0.30–0.66, p=0.001). Interestingly,
etiology, or severity of CLD were not associated with
symptoms of long-COVID-19 (Table 3).

Vaccine status, lifestyle, and behavioral
changes after recovery from COVID-19

COVID-19 vaccine status was available for 72%
(n= 470) of patients with CLD and history of COVID-
19. In total, 70% (n= 326) had received the COVID-19
vaccine and 75% (n= 243) of the vaccinated patients
had received 2 doses of the vaccine (2-dose schedule)

at the time of our study completion. Patients of Hispanic
ethnicity had a lower vaccination rate than non-Hispanic
(59.3% vs. 70.7%; p= 0.023).

Lastly, we evaluated how COVID-19 impacted the
clinical course and behavioral factors in patients with
CLD. Despite having a diagnosis of CLD, 33.3%
(n=213) of patients were actively drinking alcohol prior
to the diagnosis of COVID-19. After recovery from
COVID-19, 30.7% (n= 192) continued to report active
moderate to heavy alcohol use, with 4% (n= 25)
reporting worse alcohol use and 1.7% (n= 11) reporting
new alcohol use after recovery from COVID-19. Weight
gain was noted in 23% (n=154) of patients, with a
median weight gain of 10 pounds (IQR: 14 pounds).
Overall, 15% (n= 97) experienced disruption in medical
care during the follow-up period with clinic visits to
hepatologists (10%), imaging appointments (7%), and
upper endoscopies (5%) being the most common
missed appointments.

TABLE 3 Univariable and multivariable analyses: risk of long-COVID-19 among patients with chronic liver disease with history of COVID-19

Univariate model for long-COVID-19 (n=629) Multivariate model for long-COVID-19 (n=629)
OR (95% CI) p OR (95% CI) p

Demographic factors

Age (>65 y) 0.94 (0.65–1.35) 0.783 0.98 (0.65–1.48) 0.940

Sex (female) 1.24 (0.88–1.74) 0.122 1.45 (1.01–2.11) 0.050

Race (White) 0.63 (0.44–0.89) 0.010 0.69 (0.47–1.00) 0.062

Ethnicity (Hispanic) 2.20 (1.49–3.22) < 0.001 1.94 (1.26–2.99) 0.003

Liver-related factors

Etiology of liver disease

HCV 1
ALD 1.51 (0.80–2.89) 0.240

NAFLD 0.84 (0.55–1.28) 0.447
HBV 2.02 (1.01–4.00) 0.059

Other 1.01 (0.52–1.98) 1.000

Severity of liver disease

No cirrhosis 1
Compensated cirrhosis 1.25 (0.79–1.97) 0.346

Decompensated cirrhosis 3.82 (2.11–6.91) 0.407

Liver transplant 0.77 (0.36–1.66) 0.590

Comorbidities

Diabetes 0.74 (0.53–1.05) 0.108 0.79 (0.54–1.18) 0.257

Hypertension 0.62 (0.44–0.86) 0.007 0.71 (0.48–1.05) 0.090

Tobacco smoker 0.87 (0.49–1.55) 0.775

Obesity 0.46 (0.32–0.66) 0.001 0.45 (0.30–0.66) 0.001

Alcohol use 1.30 (0.77–2.21) 0.332

Severity of COVID-19

Mechanical ventilation 1.66 (1.06–2.66) 0.029 1.74 (1.06–2.86) 0.028

Bold values indicate significant P Z 0.05.
The multivariate model for all-cause mortality was adjusted for age, gender, race/ethnicity, etiology of chronic liver disease, cirrhosis, diabetes, hypertension, smoking
status, alcohol consumption and severity of COVID-19.
Abbreviations: ALD indicates alcohol-related liver disease; ALT, alanine transaminase; COPD, chronic obstructive pulmonary disease.
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DISCUSSION

In this large, multicenter, longitudinal cohort of patients
with CLD and COVID-19, we describe the long-term
clinical outcomes and post-COVID-19 sequelae in
patients with CLD. We show that patients who survived
beyond the acute phase of the illness had a higher risk of
long-term mortality and hospitalizations than a matched
control group of patients with CLD without COVID-19.
Long-COVID-19 was common in patients with CLD, with
29.9% of patients reporting persistent symptoms con-
sistent with long-COVID-19. Severe COVID-19, Hispanic
ethnicity, and female sex, but not etiology of CLD or
presence of cirrhosis, predicted the development of long-
COVID-19. Elevated aminotransferases have been
widely reported during COVID-19;[16–18] we now demon-
strate that liver injury resolves upon recovery from
COVID-19. Thus, our results highlight the prolonged
implications of COVID-19 both for recovering patients
and for health care systems.

We demonstrate that patients with CLD who con-
tracted COVID-19 had a significantly higher risk of
mortality and hospitalization compared to a matched
control group of patients with CLD who tested negative
for SARS-CoV-2 during the same study period. A few
recent studies have demonstrated that COVID-19 is
associated with longer-term mortality,[3,19–21] however,
these studies have not included patients with CLD. Most
studies on patients with CLD, including our earlier ones,
have only reported on short-term outcomes. The current
study now demonstrates the impact of COVID-19 on
long-term survival. The higher long-term mortality was
significantly higher in those who suffered from severe
COVID-19 requiring mechanical ventilation, suggesting
this was, at least, partly driven by delayed COVID-19
mortality. Moreover, patients who had decompensated
cirrhosis at the time of diagnosis of COVID-19 had a
higher independent risk for worse long-term outcomes,
potentially due to the negative impact of systemic
inflammation induced by SARS-CoV-2 on the more
fragile physiological reserve in these patients.[22,23] The
mounting evidence that contracting COVID-19
increases the risk of mortality and morbidity even after
surviving the acute episode, underlines the critical role
of vaccination and mitigation measures to prevent
COVID-19.

Long-COVID-19 refers to a wide range of lingering
symptoms experienced by patients who have recovered
from the acute phase of COVID-19. The prevalence of
long-COVID-19 has ranged from 4.7% to 80%, due to
variations in its definition.[24,25] Using the WHO
definition,[14] we find that 30% of patients with CLD
experienced long-COVID-19. History of severe COVID-
19 requiring hospitalization predicted the occurrence of
long-COVID-19, while the etiology or severity of liver
disease did not pose a risk for long-COVID-19,
indicating that these symptoms are likely a

consequence of the systemic changes induced by
SARS-CoV-2. We conjecture that the impact of severity
of cirrhosis on long-COVID may be underestimated in
this cohort since patients with decompensated cirrhosis
had significantly high mortality during this early phase of
COVID-19. Female sex was associated with higher risk
for long-COVID-19, consistent with published studies
from other populations.[26,27] Moreover, patients of
Hispanic ethnicity showed a higher prevalence of
severe COVID-19, which is not surprising given the
known risk for severe COVID-19 in this cohort.[8] We
have previously shown that socioeconomic factors
contribute to the higher risk of COVID-19 in ethnic
minorities with CLD.[10] The continued impact of COVID-
19 in this vulnerable population emphasizes the need to
evaluate and fill potential gaps in access to health care.
Further, the results of our study provide the framework
and rationale to pursue further prospective studies to
systematically assess the prevalence and pattern of
long-COVID-19 in patients with CLD.

Despite carrying a diagnosis of CLD, around a third of
patients reported moderate to heavy alcohol use after
recovery from COVID-19. This is consistent with published
data that have demonstrated increases in alcohol use and
alcohol-associated hospitalizations among patients with
CLD during the COVID-19 era.[28–30] Prior to the COVID-
19 pandemic, the burden of alcohol use disorder and
alcohol-related liver disease were on the rise.[31] With
increasing alcohol use and alcohol-related hospitalizations
during the pandemic, we suspect that the collateral
damage from health-related behavioral factors on patients
with CLD is yet to be fully understood.

Furthermore, almost a fourth of patients noted weight
gain during the follow-up period, which is in concord-
ance with other recent published work.[32,33] Even prior
to the COVID-19 pandemic, the prevalence of both
obesity and severe obesity have been increasing
among adults living in the US.[34] Given the trends
related to weight gain in patients with CLD during
COVID-19, ongoing public health efforts are needed to
address the underpinnings for this trend.

Among patients with CLD and a history of COVID-19
in our study, 70% had received at least 1 dose of the
COVID-19 vaccine and 75% of those vaccinated had
received 2 doses of the vaccine. This is consistent with
vaccination rates for the general US population—as of
September 2022, 11% of those living in the US were
partly vaccinated against COVID-19 and 68% were fully
vaccinated against COVID-19.[24] The data on benefits
of COVID-19 vaccination on mortality and severity is well
established, both in the general population and in
patients with cirrhosis.[35,36] The goal of our study was
not to assess the effect of vaccination on mortality or
long-COVID-19; however, our results further highlight
the importance of continued public health endeavors
and individualized counseling to increase uptake of
the COVID-19 vaccine, especially among vulnerable
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subgroups like those with cirrhosis and patients of racial
and ethnic minorities, who have lower vaccination
rates.[37]

The study has several strengths, including the large
sample size, broad geographical distribution across the
US, ethnically diverse cohort, and longitudinal follow-up
data. Our study results are generalizable given patients
treated as outpatients or inpatients as well as patients
with noncirrhotic or cirrhotic liver disease were included.
Nevertheless, our study should be interpreted with a
few limitations in mind. The symptoms of long-COVID-
19 were collected by chart review, instead of more
direct methods, such as telephone interviews, which
may have led to an underestimation of long-COVID-19.
However, we used the standard WHO definition of long-
COVID-19 and were able to perform a detailed review to
assess for alternate explanations for the symptoms,
which may not be possible with telephone and internet
surveys. The control group was only derived from a
single center. However, the availability of a large PCR-
confirmed COVID-19 negative cohort is a strength, and
we did carefully match the patients for key variables.
The patients included in this study were infected in the
first wave of the pandemic and the pandemic has
evolved since then. Given that millions of patients were
affected by COVID-19 during the early phases of the
pandemic, our findings remain relevant for patients with
CLD who have recovered from COVID-19. Lastly, most
institutions included in this cohort are tertiary medical
health systems, potentially introducing referral bias.

Our large, multicenter study of long-term follow-up
of patients with CLD and COVID-19 provides insight
into the natural history of COVID-19 sequelae in
patients with CLD. We found a high burden of
mortality, morbidity, and long-COVID-19 in patients
with CLD. Our data reassuringly demonstrate con-
sistent improvement in laboratory parameters and
resolution of liver injury in those who recovered from
COVID-19. A confluence of factors including persis-
tent symptoms of COVID-19, ongoing alcohol use,
weight gain, and missed medical appointments
highlight the need for the medical community to
develop strategies to provide ongoing multidiscipli-
nary care for patients with CLD who have recovered
from COVID-19.

CONFLICTS OF INTEREST
PM received grants from Vedanta Biosciences. RMC
advised AstraZeneca; received grants from Intercept
and Merck. RC received grants from Gilead, AbbVie,
Merck, Boehringer, Roche, Janssen, and GSK. MR
advises Gilead and Intercept.

AUTHOR CONTRIBUTIONS
E.A.: acquisition of data; study concept and design;
drafting of the manuscript. G.M.: acquisition of data;
critical revision of the manuscript. N.L.: acquisition of

data; study concept and design; critical revision of the
manuscript. P.A.C.: acquisition of data; critical revision
of the manuscript. M.T.S.: acquisition of data; critical
revision of the manuscript. S.K.: acquisition of data;
study concept and design; critical revision of the
manuscript. J.G.: acquisition of data; critical revision
of the manuscript. M.D.: acquisition of data; critical
revision of the manuscript. R.C.: acquisition of data;
study concept and design; critical revision of the
manuscript. J.D.: acquisition of data; study concept
and design; critical revision of the manuscript. S.S.:
acquisition of data; critical revision of the manuscript.
A.S.: acquisition of data; critical revision of the manu-
script. S.K.: acquisition of data; critical revision of the
manuscript. M.R.: acquisition of data; study concept
and design; critical revision of the manuscript. A.M.C.:
acquisition of data; study concept and design; critical
revision of the manuscript. K.W.: acquisition of data;
study concept and design; critical revision of the
manuscript. R.C.: acquisition of data; study concept
and design; critical revision of the manuscript. Y.S.:
acquisition of data; critical revision of the manuscript. I.
K.: acquisition of data; critical revision of the manu-
script. V.C.: acquisition of data; study concept and
design; critical revision of the manuscript. C.R.:
acquisition of data; critical revision of the manuscript.
A.R.: acquisition of data; study concept and design;
critical revision of the manuscript. C.R.: acquisition of
data; critical revision of the manuscript. V.N.: acquis-
ition of data; study concept and design; critical revision
of the manuscript. C.G.: acquisition of data; study
concept and design; critical revision of the manuscript.
K.Z.: acquisition of data; study concept and design;
critical revision of the manuscript. K.C.: acquisition of
data; study concept and design; critical revision of the
manuscript. B.L.-M.: acquisition of data; study concept
and design; critical revision of the manuscript. L.V.:
acquisition of data; study concept and design; critical
revision of the manuscript. A.M.: acquisition of data;
study concept and design; critical revision of the
manuscript. R.D.: acquisition of data; analysis and
interpretation of data; study concept and design;
critical revision of the manuscript for important
intellectual content; supervision.

ORCID
Elizabeth S. Aby http://orcid.org/0000–0002–1809–
2658
Nyan Latt http://orcid.org/0000–0002–5251–6573
Patricia P. Bloom http://orcid.org/0000–0003–3188–
7188
Jose D. Debes http://orcid.org/0000–0002–1512–
2604
Sunny Sandhu http://orcid.org/0000–0002–2530–
5885
Aalam Sohal http://orcid.org/0000–0001–8365–7240

10 | LONG-TERM OUTCOMES OF COVID-19 IN CHRONIC LIVER DISEASE

http://orcid.org/0000-0002-1809-2658
http://orcid.org/0000-0002-1809-2658
http://orcid.org/0000-0002-1809-2658
http://orcid.org/0000-0002-1809-2658
http://orcid.org/0000-0002-5251-6573
http://orcid.org/0000-0002-5251-6573
http://orcid.org/0000-0002-5251-6573
http://orcid.org/0000-0003-3188-7188
http://orcid.org/0000-0003-3188-7188
http://orcid.org/0000-0003-3188-7188
http://orcid.org/0000-0003-3188-7188
http://orcid.org/0000-0002-1512-2604
http://orcid.org/0000-0002-1512-2604
http://orcid.org/0000-0002-1512-2604
http://orcid.org/0000-0002-1512-2604
http://orcid.org/0000-0002-2530-5885
http://orcid.org/0000-0002-2530-5885
http://orcid.org/0000-0002-2530-5885
http://orcid.org/0000-0002-2530-5885
http://orcid.org/0000-0001-8365-7240
http://orcid.org/0000-0001-8365-7240
http://orcid.org/0000-0001-8365-7240


Sameeha Khalid http://orcid.org/0000–0001–9643–
3473
Marina Roytman http://orcid.org/0000–0002–3916–
4278
Andreea Maria Catana http://orcid.org/0000–0002–
2075–0701
Kara Wegermann http://orcid.org/0000–0002–1024–
9040
Rotonya M. Carr http://orcid.org/0000–0003–0235–
6994
Yedidya Saiman http://orcid.org/0000–0002–2279–
760X
Vincent L. Chen http://orcid.org/0000–0002–0157–
6066
Atoosa Rabiee http://orcid.org/0000–0002–3535–
2706
Veronica Nguyen http://orcid.org/0000–0002–3359–
2220
Christina Gainey http://orcid.org/0000–0002–2201–
6009
Kali Zhou http://orcid.org/0000–0001–8554–2906
Kenneth Chavin http://orcid.org/0000–0003–0818–
4847
Blanca C. Lizaola-Mayo http://orcid.org/0000–0003–
0130–0091
David M. Chascsa http://orcid.org/0000–0003–2972–
6545
Lee Varelas http://orcid.org/0000–0002–2579–4092
Renumathy Dhanasekaran http://orcid.org/0000–
0001–8819–7511

REFERENCES
1. Dong E, Du H, Gardner L. An interactive web-based dashboard

to track COVID-19 in real time. Lancet Infect Dis. 2020;20:
533–4.

2. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, transmission, diagnosis, and treatment of
coronavirus disease 2019 (COVID-19): a review. JAMA. 2020;
324:782–93.

3. Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of
post-acute sequelae of COVID-19. Nature. 2021;594:259–64.

4. Hosey MM, Needham DM. Survivorship after COVID-19 ICU
stay. Nat Rev Dis Primers. 2020;6:60.

5. Carfì A, Bernabei R, Landi F. Gemelli against COVID-19 post-
acute care study group. Persistent symptoms in patients after
acute COVID-19. JAMA. 2020;324:603–5.

6. Logue JK, Franko NM, McCulloch DJ, McDonald D, Magedson
A, Wolf CR, et al. Sequelae in adults at 6 months after COVID-19
infection. JAMA Netw Open. 2021;4:e210830.

7. Groff D, Sun A, Ssentongo AE, Ba DM, Parsons N, Poudel GR,
et al. Short-term and long-term rates of postacute sequelae of
SARS-CoV-2 infection: a systematic review. JAMA Netw Open.
2021;4:e2128568.

8. Kim D, Adeniji N, Latt N, Kumar S, Bloom PP, Aby ES, et al.
Predictors of outcomes of COVID-19 in patients with chronic liver
disease: US multi-center study. Clin Gastroenterol Hepatol.
2021;19:1469–479.e19.

9. Rabiee A, Sadowski B, Adeniji N, Perumalswami PV, Nguyen V,
Moghe A, et al. Liver injury in liver transplant recipients with
coronavirus disease 2019 (COVID-19): US multicenter experi-
ence. Hepatology. 2020;72:1900–1.

10. Adeniji N, Carr RM, Aby ES, Catana AM, Wegermann K,
Dhanasekaran R. Socioeconomic factors contribute to the higher
risk of COVID-19 in racial and ethnic minorities with chronic liver
diseases. Gastroenterology. 2021;160:1406–9.e3.

11. Efe C, Dhanasekaran R, Lammert C, Ebik B, Higuera-de la Tijera
F, Aloman C, et al. Outcome of COVID-19 in patients with
autoimmune hepatitis: an international multicenter study. Hep-
atology. 2021;73:2099–109.

12. National Center for Health Statistics Guidance for Certifying
Deaths Due to Coronavirus Disease 2019 (COVID-19). 2020.
March 2, 2022. Available at: https://www.cdc.gov/nchs/data/
nvss/vsrg/vsrg03-508.pdf.

13. Kasarala G, Tillmann HL. Standard liver tests. Clin Liver Dis.
2016;8:13–8.

14. (hq) WH. A clinical case definition of post COVID-19 condition by
a Delphi consensus. 2021. March 2, 2022. Available at: https://
www.who.int/publications/i/item/WHO-2019-nCoV-Post_COVID-
19_condition-Clinical_case_definition-2021.1

15. Drinking Levels Defined. 2021. March 2, 2022. Available at:
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-
consumption/moderate-binge-drinking

16. Phipps MM, Barraza LH, LaSota ED, Sobieszczyk ME, Pereira
MR, Zheng EX, et al. Acute liver injury in COVID‐19: prevalence
and association with clinical outcomes in a large US Cohort.
Hepatology. 2020;72:807–17.

17. Marjot T, Webb GJ, Barritt AS IV, Moon AM, Stamataki Z,
Wong VW, et al. COVID-19 and liver disease: mechanistic and
clinical perspectives. Nat Rev Gastroenterol Hepatol. 2021;18:
348–64.

18. 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. 2020;159:768–771.e3.

19. Mainous AG 3rd, Rooks BJ, Wu V, Orlando FA. COVID-19 post-
acute sequelae among adults: 12 month mortality risk. Front Med
(Lausanne). 2021;8:778434; Available at: http://dx.doi.org/10.
3389/fmed.2021.778434

20. Mainous AG III, Rooks BJ, Orlando FA. Risk of new hospital-
ization post-COVID-19 infection for non-COVID-19 conditions. J
Am Board Fam Med. 2021;34:907–13.

21. Günster C, Busse R, Spoden M, Rombey T, Schillinger G,
Hoffmann W, et al. 6-month mortality and readmissions of
hospitalized COVID-19 patients: a nationwide cohort study of
8,679 patients in Germany. PLoS One. 2021;16:e0255427.

22. Bajaj JS, Kamath PS, Reddy KR. The evolving challenge of
infections in cirrhosis. Reply N Engl J Med. 2021;385:1151–2.

23. Arvaniti V, D’Amico G, Fede G, Manousou P, Tsochatzis E,
Pleguezuelo M, et al. Infections in patients with cirrhosis increase
mortality four-fold and should be used in determining prognosis.
Gastroenterology. 2010;139:1246–56; 1256.e1–5.

24. Mathieu E, Ritchie H, Rodés-Guirao L, Appel C, Gavrilov D,
Giattino C, et al. Coronavirus pandemic (COVID-19). Published
online at OurWorldInData.org. 2022. March 2, 2022. Available at:
https://ourworldindata.org/coronavirus.

25. Cabrera Martimbianco AL, Pacheco RL, Bagattini ÂM, Riera R.
Frequency, signs and symptoms, and criteria adopted for long
COVID-19: A systematic review. Int J Clin Pract. 2021;75:e14357.

26. Torjesen I. Covid-19: Middle aged women face greater risk of
debilitating long term symptoms. BMJ. 2021;372:n829.

27. Taquet M, Dercon Q, Luciano S, Geddes JR, Husain M, Harrison
PJ. Incidence, co-occurrence, and evolution of long-COVID
features: a 6-month retrospective cohort study of 273,618
survivors of COVID-19. PLoS Med. 2021;18:e1003773.

28. Rutledge SM, Schiano TD, Florman S, ImGY. COVID-19 aftershocks
on alcohol-associated liver disease: an early cross-sectional report
from the US Epicenter. Hepatol Commun. 2021;5:1151–5.

29. Kim JU, Majid A, Judge R, Crook P, Nathwani R, Selvapatt N,
et al. Effect of COVID-19 lockdown on alcohol consumption in

HEPATOLOGY COMMUNICATIONS | 11

http://orcid.org/0000-0001-9643-3473
http://orcid.org/0000-0001-9643-3473
http://orcid.org/0000-0001-9643-3473
http://orcid.org/0000-0001-9643-3473
http://orcid.org/0000-0002-3916-4278
http://orcid.org/0000-0002-3916-4278
http://orcid.org/0000-0002-3916-4278
http://orcid.org/0000-0002-3916-4278
http://orcid.org/0000-0002-2075-0701
http://orcid.org/0000-0002-2075-0701
http://orcid.org/0000-0002-2075-0701
http://orcid.org/0000-0002-2075-0701
http://orcid.org/0000-0002-1024-9040
http://orcid.org/0000-0002-1024-9040
http://orcid.org/0000-0002-1024-9040
http://orcid.org/0000-0002-1024-9040
http://orcid.org/0000-0003-0235-6994
http://orcid.org/0000-0003-0235-6994
http://orcid.org/0000-0003-0235-6994
http://orcid.org/0000-0003-0235-6994
http://orcid.org/0000-0002-2279-760X
http://orcid.org/0000-0002-2279-760X
http://orcid.org/0000-0002-2279-760X
http://orcid.org/0000-0002-2279-760X
http://orcid.org/0000-0002-0157-6066
http://orcid.org/0000-0002-0157-6066
http://orcid.org/0000-0002-0157-6066
http://orcid.org/0000-0002-0157-6066
http://orcid.org/0000-0002-3535-2706
http://orcid.org/0000-0002-3535-2706
http://orcid.org/0000-0002-3535-2706
http://orcid.org/0000-0002-3535-2706
http://orcid.org/0000-0002-3359-2220
http://orcid.org/0000-0002-3359-2220
http://orcid.org/0000-0002-3359-2220
http://orcid.org/0000-0002-3359-2220
http://orcid.org/0000-0002-2201-6009
http://orcid.org/0000-0002-2201-6009
http://orcid.org/0000-0002-2201-6009
http://orcid.org/0000-0002-2201-6009
http://orcid.org/0000-0001-8554-2906
http://orcid.org/0000-0001-8554-2906
http://orcid.org/0000-0001-8554-2906
http://orcid.org/0000-0003-0818-4847
http://orcid.org/0000-0003-0818-4847
http://orcid.org/0000-0003-0818-4847
http://orcid.org/0000-0003-0818-4847
http://orcid.org/0000-0003-0130-0091
http://orcid.org/0000-0003-0130-0091
http://orcid.org/0000-0003-0130-0091
http://orcid.org/0000-0003-0130-0091
http://orcid.org/0000-0003-2972-6545
http://orcid.org/0000-0003-2972-6545
http://orcid.org/0000-0003-2972-6545
http://orcid.org/0000-0003-2972-6545
http://orcid.org/0000-0002-2579-4092
http://orcid.org/0000-0002-2579-4092
http://orcid.org/0000-0002-2579-4092
http://orcid.org/0000-0001-8819-7511
http://orcid.org/0000-0001-8819-7511
http://orcid.org/0000-0001-8819-7511
http://orcid.org/0000-0001-8819-7511
https://www.cdc.gov/nchs/data/nvss/vsrg/vsrg03-508.pdf
https://www.cdc.gov/nchs/data/nvss/vsrg/vsrg03-508.pdf
https://www.who.int/publications/i/item/WHO-2019-�nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-�nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.who.int/publications/i/item/WHO-2019-�nCoV-Post_COVID-19_condition-Clinical_case_definition-2021.1
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
http://dx.doi.org/10.3389/fmed.2021.778434
http://dx.doi.org/10.3389/fmed.2021.778434
https://ourworldindata.org/coronavirus


patients with pre-existing alcohol use disorder. Lancet Gastro-
enterol Hepatol. 2020;5:886–7.

30. Moon AM, Curtis B, Mandrekar P, Singal AK, Verna EC, Fix OK.
Alcohol-associated liver disease before and after COVID-19—an
overview and call for ongoing investigation. Hepatol Commun.
2021;5:1616–21.

31. Mellinger JL, Shedden K, Winder GS, Tapper E, Adams M, Fontana
RJ, et al. The high burden of alcoholic cirrhosis in privately insured
persons in the United States. Hepatology. 2018;68:872–2.

32. Pellegrini M, Ponzo V, Rosato R, Scumaci E, Goitre I, Benso A,
et al. Changes in Weight and Nutritional Habits in Adults with
Obesity during the “Lockdown” Period Caused by the COVID-19
Virus Emergency. Nutrients. 2020;12:2016.

33. Kim RG, Medina SP, Magee C, Khalili M. Fatty liver and the
coronavirus disease 2019 pandemic: health behaviors, social
factors, and telemedicine satisfaction in vulnerable populations.
Hepatol Commun. 2022;6:1045–55.

34. Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of
obesity and severe obesity among adults: united states, 2017-
2018. NCHS Data Brief. 2020;360:1–8.

35. John BV, Deng Y, Scheinberg A, Mahmud N, Taddei TH, Kaplan
D, et al. Association of BNT162b2 mRNA and mRNA-1273
vaccines with COVID-19 infection and hospitalization among
patients with cirrhosis. JAMA Intern Med. 2021;181:1306–4.

36. CDC. Benefits of getting a COVID-19 vaccine. Centers for
Disease Control and Prevention. 2022. Available at: https://www.
cdc.gov/coronavirus/2019-ncov/vaccines/vaccine-benefits.html

37. Khubchandani J, Macias Y. COVID-19 vaccination hesitancy in
Hispanics and African-Americans: a review and recommendations for
practice. Brain Behav Immun Health. 2021;15:100277.

How to cite this article: Aby ES, Moafa G, Latt N,
Sultan MT, Cacioppo PA, Kumar S, et al. Long-Term
Clinical Outcomes of Patients With COVID-19 and
Chronic Liver Disease: US Multicenter COLD Study.
Hepatol Commun. 2023;7:e8874. https://doi.org/
10.1097/01.HC9.0000897224.68874.de

12 | LONG-TERM OUTCOMES OF COVID-19 IN CHRONIC LIVER DISEASE

https://www.cdc.gov/coronavirus/2019-�ncov/vaccines/vaccine-benefits.html
https://www.cdc.gov/coronavirus/2019-�ncov/vaccines/vaccine-benefits.html
http://10.1097/01.HC9.0000897224.68874.de
http://10.1097/01.HC9.0000897224.68874.de



