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Abstract
Objective Coronavirus disease 2019 [COVID-19] infection in patients with chronic liver disease [CLD] may precipitate 
acute-on-chronic liver failure [ACLF]. In a large multi-center cohort of COVID-19-infected patients, we aim to analyze (1) 
the outcomes of patients with underlying CLD [with and without cirrhosis] and (2) the development and impact of ACLF 
on in-hospital mortality.
Design We identified 192 adults with CLD from among 10,859 patients with confirmed COVID-19 infection (admitted 
to any of 12 hospitals in a New York health care system between March 1, 2020 and April 27, 2020). ACLF was defined 
using the EASL-CLIF Consortium definition. Patient follow-up was through April 30, 2020, or until the date of discharge, 
transfer, or death.
Results Of the 84 patients with cirrhosis, 32 [38%] developed ACLF, with respiratory failure [39%] and renal failure [26%] 
being the most common. Hispanic/Latino ethnicity was particularly at higher risk of in-hospital mortality [adjusted HR 4.92, 
95% 1.27–19.09, p < 0.02] in cirrhosis despite having lower risk of development of ACLF [HR 0.26, 95% CI 0.08–0.89, 
p = 0.03]. Hypertension on admission predicted development of ACLF [HR 3.46, 95% CI 1.12–10.75, p = 0.03]. In-hospital 
mortality was not different between CLD patients with or without cirrhosis [p = 0.24] but was higher in those with cirrhosis 
who developed ACLF [adjusted HR 9.06, 95% CI 2.63–31.12, p < 0.001] with a trend for increased mortality by grade of 
ACLF [p = 0.002]. There was no difference in in-hospital mortality between the CLD cohort compared to matched control 
without CLD (log rank, p = 0.98) and between the cirrhosis cohort compared to matched control without cirrhosis (log rank, 
p = 0.51).
Conclusion Development of ACLF is the main driver of increased in-hospital mortality in hospitalized patients with COVID-
19 infection and cirrhosis.
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Introduction

Since the start of the outbreak of coronavirus disease 2019 
[COVID-19] in Wuhan, China in December 2019, there 
have been more than 90,673,898 cases diagnosed glob-
ally with more than 1,940,321 deaths as of January 11, 
2021 [1–3].

The prevalence of chronic liver disease [CLD] among 
patients with COVID-19 has been reported to range from 
2 to 11% [4]. A recent meta-analysis of COVID-19 infec-
tion in patients with CLD concluded that CLD does not 
increase the risks of severe COVID-19 infection compli-
cations or mortality [5]. However, a another international 
registry of patients with CLD and COVID-19 infection 
reported that 36% of patients experienced hepatic decom-
pensation, and the highest risk was among patients with 
Child–Turcotte–Pugh class B and C cirrhosis [6]. Notably, 
24% of patients with new hepatic decompensation did not 
have respiratory symptoms at the time of diagnosis [6].

COVID-19 infection in patients with CLD may precipi-
tate acute-on-chronic liver failure [ACLF]. In this study, 
we report on [1] the outcomes of patients [both with and 
without cirrhosis] with COVID-19 infection and under-
lying CLD in a multi-hospital healthcare system within 
the United States epicenter of the pandemic and [2] the 
development and impact of ACLF in those with Cirrhosis.

Methods

Study population

We identified patients hospitalized with confirmed 
COVID-19 infection using compiled data from the inpa-
tient electronic health record [EHR; Sunrise Clinical Man-
ager, Allscripts, Chicago, IL] for patients admitted to 12 
hospitals in New York City and Long Island within the 
Northwell Health system in New York from the period 
of March 1, 2020, to April 27, 2020. A confirmed case of 
COVID-19 was defined as a positive reverse transcriptase 
polymerase chain reaction on a specimen obtained through 
nasopharyngeal swabbing. We excluded children under the 
age of 18 years from this study.

We screened all patients hospitalized with confirmed 
COVID-19 infection for known CLD by searching our 
database for ICD-10 diagnostic codes (Fig. 1 and Sup-
plementary Fig. 1) or any radiologic report [regardless 
of whether prior to or during the index COVID-19 hospi-
talization] including the term “cirrhosis.” Due to the poor 
specificity of ICD-10 codes in identifying patients with 
cirrhosis [7], a single transplant hepatologist [with greater 

than 10 years of experience, SKS] manually reviewed out-
patient, emergency department, and inpatient electronic 
records for each patient who was identified as having CLD 
on the initial screen. We followed a systematic approach to 
confirm whether patients had CLD with or without cirrho-
sis (described in Supplementary Fig. 1). Any discrepancies 
were resolved with consensus after re-review by a sec-
ond transplant hepatologist [NR]. Patients with a positive 
hepatitis C antibody and negative hepatitis C ribonucleic 
acid [RNA]—regardless of whether due to false-positive 
antibody test, prior spontaneous viral clearance, or viro-
logic response to previously received antiviral therapy—
were excluded from our study population unless they had 
cirrhosis or an etiology of CLD aside from hepatitis C. 
We also excluded solid-organ transplant recipients [heart, 
liver, or kidney] and patients with pre-hospitalization 
dependence on renal replacement therapy.

The Institutional Review Board for the Feinstein Insti-
tutes of Medical Research at Northwell Health approved 
this study as minimal-risk research using data collected 
for routine clinical practice and waived the requirement 
for informed consent [Approval #20–0200].

Data collection

We collected the following demographic information: age, 
sex, race, ethnicity, presence of co-morbid conditions, 
and body mass index [BMI]. Race and ethnicity data were 
collected by self-report in pre-specified fixed categories. 
For laboratory parameters, we collected baseline values 
[defined as the first measurement for each parameter 
within 48 h of hospital presentation] of creatinine, inter-
national normalized ratio [INR], bilirubin, albumin, aspar-
tate aminotransferase [AST], alanine aminotransferase 
[ALT], alkaline phosphatase, leukocyte count, hemo-
globin, platelet count, lactate, ferritin, lactate dehydroge-
nase [LDH], D-dimer, C-reactive protein [CRP], and pro-
calcitonin. For the three key laboratory parameters used 
to calculate Model for End-Stage Liver Disease [MELD] 
scores and to define ACLF [namely, INR, creatinine, and 
bilirubin], baseline measurements were verified and peak 
measurements [defined as the highest measurement for 
each parameter within the hospitalization] were collected 
through manual chart review. Manual chart review by 
an experienced transplant hepatologist was also used to 
identify the etiology of CLD for patients, collect data on 
arterial blood gas respiratory parameters, and assess for in-
hospital development of severe [West-Haven grade III or 
IV] hepatic encephalopathy. Follow-up was through date 
of discharge, transfer, death or May 7, 2020, for patients 
that remained hospitalized.
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Fig. 1  Approach used to identify patients with chronic liver disease 
and cirrhosis. *ICD-10 diagnostic codes used to screen for chronic 
liver disease were K70 [alcoholic liver disease], K71 [toxic liver dis-
ease], K73 [chronic hepatitis, not elsewhere classified], K74 [fibro-
sis and cirrhosis of liver], K75 [other inflammatory liver diseases], 
K76 [other diseases of liver], B18 [chronic viral hepatitis], and B19 

[unspecified viral hepatitis]. **Patients with alternate explanations 
for radiologic findings [such as liver surface nodularity due to hepatic 
metastases, splenomegaly due to known hematologic disorder, or 
ascites due to peritoneal carcinomatosis] were not included as having 
cirrhosis unless they also fulfilled other criteria for cirrhosis
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Study outcomes

The primary outcome of interest was the development and 
grade of ACLF, defined using the EASL-CLIF Consortium 
definitions (Supplementary Table 1) [8, 9]. Organ failures 
were likewise defined using the EASL-CLIF Consortium 
definitions [8, 9]. Secondary outcomes included in-hospital 
mortality, development of individual organ failures, need 
for invasive mechanical ventilation, need for intensive-
care-unit [ICU] level of care, need for renal replacement 
therapy, and hospital length of stay. Due to the COVID-19 
pandemic, many additional ICUs were created in non-tradi-
tional hospital areas and units. Hence, need for ICU level of 
care was defined by any one of the following criteria: need 
for invasive mechanical ventilation, need for vasopressor or 
inotrope support, or being under the care of an ICU service 
or in a known ICU location. None of our patient received 
ECMO (Extra Corporeal Membrane Oxygenation).

Statistical analysis

Descriptive statistics was calculated for all the key variables. 
Continuous variables were expressed as medians with inter-
quartile ranges [IQRs] and categorical variables as counts 
with percentages. We used non-parametric Wilcoxon rank 
sum tests, Yates corrected Chi-squared tests, and Fisher’s 
exact tests, as indicated, to compare parameters between the 
patients with and without cirrhosis or, among patients with 
cirrhosis, between those with and without ACLF. Predictors 
of ACLF were determined using univariate and multivariate 
logistic regressions. Multivariate logistic regression analysis 
was performed using Stepwise approach, entry criteria for 
inclusion of the variables in the final model was p < 0.1, and 
the stay criteria was p < 0.35. Co-variates were considered 
significant if p < 0.1 on univariate analyses and stepwise 
elimination was used to select the variables included in the 
final multivariate model.

To assess the relative effect of underlying CLD and cir-
rhosis on in-hospital mortality, we performed a sensitivity 
analysis by building two propensity score-matched (PSM) 
control cohorts (CLD and cirrhosis) (1:1 match). Variables 
used in the PSM model included age, gender, ethnicity, and 
pre-existing comorbidities including diabetes, hyperten-
sion, chronic liver disease, coronary artery disease (CAD), 
heart failure (HF), chronic obstructive pulmonary disease 
(COPD), chronic kidney disease (CKD), and malignancy. 
Matching was carried out using a local SAS macro “gmatch” 
[10]. Controls were selected randomly without replacement.

For the survival analyses, we censored patients as alive 
without the event of interest on their date of hospital dis-
charge or transfer or at 21 days of follow-up, whichever 
was earlier. We analyzed survival by testing Kaplan–Meier 
survival curves using log-rank tests as well as estimated 

hazard ratios [HRs] and 95% confidence intervals [CIs] 
using univariate and multivariate Cox proportional hazards 
models. Multivariate Cox regression models were adjusted 
for potential confounding variables identified a priori: age, 
sex, ethnicity, and race. We checked the proportional hazards 
assumption for each variable included in our Cox regression 
models using graphical assessment of the Kaplan–Meier 
survival curves and log[– log(survival)] versus log[time] 
graphs to look for parallel curves while ensuring that Sch-
oenfeld residuals were independent of time. For both logistic 
regression and Cox regression analyses, we used simplified 
categorizations for ethnicity [Hispanic/Latino ethnicity ver-
sus Non-Hispanic/Latino or other/unknown] and race [white 
versus black versus other/unknown] due to limited sample 
sizes. We used two-sided tests with alpha equaling 0.05. 
Statistical analyses were performed using SAS version 9.4 
[SAS Institute, Cary, NC].

Results

From a total of 11,265 patients hospitalized with COVID-
19, we excluded 106 children under 18 years of age and 300 
patients without baseline liver chemistries; this left 10,859 
eligible patients (Fig. 1). From this adult cohort, 295 patients 
were screened as having underlying CLD using ICD-10 
diagnostic codes or a radiologic report of “cirrhosis.” After 
further manual chart review, 51 patients were deemed not 
to have underlying CLD and were excluded. We further 
excluded patients with end-stage renal disease [n = 17], 
prior heart transplant [n equal to 2], prior kidney transplant 
[n = 2], or prior liver transplant [n = 1], and we excluded 
one patient with non-cirrhotic portal hypertension due to 
hepatic amyloidosis. We also excluded 29 patients who 
had a positive hepatitis C antibody but negative hepatitis C 
RNA, and no evidence of cirrhosis or secondary etiology of 
CLD. Liver biopsy data were available in 13 patients, only 
3 of them had cirrhosis by histology. The final cohort con-
sisted of 192 CLD patients, representing 1.8% of the original 
cohort of hospitalized adults with COVID-19 infection: 84 
patients with cirrhosis and 108 patients without cirrhosis.

The median age of patients with CLD was 63 years [range 
27–97 years, IQR 55–72 years]. The majority were male 
[67%], non-Hispanic/Latino ethnicity [69%] and had co-
morbid hypertension [63%]. Compared to CLD patients 
without cirrhosis, patients with cirrhosis were older, less 
likely to be obese, and more likely to have co-morbid chronic 
obstructive pulmonary disease (Table 1). There were differ-
ences in the etiology of CLD between patients with or with-
out cirrhosis, but nonalcoholic fatty liver disease [NAFLD] 
was the most common etiology in both groups. CLD patients 
with cirrhosis more likely to have HCV and Alcohol-Related 
Liver Diseases whereas non-cirrhotic patients were more 
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Table 1  Admission 
characteristics of 192 patients 
with COVID-19 infection and 
chronic liver disease

Characteristics Chronic liver disease [n = 192]

No cirrhosis [n = 108] Cirrhosis [n = 84] p

Vital signs
 Systolic blood pressure < 90 mmHg 5 [4.6] 5 [5.6] 0.68
 Temperature > 38 °C 32 [29.6] 11 [13.1] 0.006
 Heart rate > 90 bpm 79 [73.2] 45 [53.6] 0.005
 Respiratory rate > 20 bpm 38 [35.2] 28 [33.3] 0.79
  SpO2 < 90% 16 [14.8] 12 [14.3] 0.92
  SpO2 < 80% 4 [3.7] 3 [3.6] 0.96
 Leukocytes < 4 or > 12 [×  109/L] 28 [26] 28 [33.3] 0.26

Sex 0.63
 Male 71  [65.7] 58  [69.0]
 Female 37  [34.3] 26  [31.0]

Age [years] 61  [49–70] 69  [60–78]  < 0.001
Race 0.18
 White 42  [38.9] 29  [34.5]
 Black 16  [14.8] 16  [19.0]
 Asian 18  [16.0] 5  [6.0]
 Other/multiracial 31  [28.7] 33  [39.3]
 Unknown 3  [2.8] 1  [1.2]

Ethnicity 0.39
 Non-Hispanic or Latino 78  [72.2] 54  [64.3]
 Hispanic or Latino 26  [24.1] 24  [28.6]
 Other or unknown 4  [3.7] 6  [7.1]

Esophageal varices 0 [0] 25 [29.8]  < 0.001
Ascites 0 [0] 28 [33.3]  < 0.001
Co-morbid conditions
 Hypertension 64  [59.3] 57  [67.9] 0.22
 Diabetes mellitus 45  [41.7] 44  [52.4] 0.14
 Coronary artery disease 21  [19.5] 8  [9.5] 0.07
 Chronic kidney  diseasea 11  [10.2] 8  [9.5] 1.00
 Heart failure 8  [7.4] 10  [11.9] 0.33
 Malignancy 8  [7.4] 14  [16.7] 0.07
 COPD 6  [5.6] 12  [14.3] 0.047

Body mass index [kg/m2]b

 < 30
 ≥ 30

30  [26–34] 
38  [46.3]
44  [53.7]

27  [25–31] 
45  [69.2]
20  [30.8]

0.005

Etiology
 NAFLD 60  [55.6] 29  [34.5] 0.005
 Hepatitis C 14  [12.9] 23  [27.4] 0.012
 Alcohol-related liver disease 10  [9.3] 18  [21.4] 0.018
 Hepatitis B 21  [19.5] 3  [3.6] 0.008
  Otherc 3  [2.8] 11  [13.1] 0.009

Laboratory measurements [first within 48  h]b

 MELD score 10  [8–13] 13  [10–20]  < 0.001
 Creatinine [mg/dL] 1.0  [0.8–1.5] 1.1  [0.8–1.6] 0.63
 INR 1.2  [1.1–1.3] 1.3  [1.2–1.6]  < 0.001
 Bilirubin [mg/dL] 0.5  [0.4–0.7] 1.0  [0.5–1.9]  < 0.001
 Albumin [g/dL] 3.6  [3.0–4.0] 3.0  [2.4–3.5]  < 0.001
 AST [IU/L] 48  [36–81] 60  [43–112] 0.01
 ALT [IU/L] 40  [22–64] 33  [23–54] 0.41
 Alkaline phosphatase [IU/L] 70  [52–94] 119  [80–183]  < 0.001
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likely to have NAFLD and Hepatitis B. Baseline laboratory 
parameters of both groups are presented in Table 1. Patients 
with cirrhosis had similar creatinine levels but higher INRs 
and bilirubin levels than patients without cirrhosis; this led 
to higher MELD scores. The median baseline MELD score 
for patients with cirrhosis was 13 [IQR 10–20]. Patients 
with cirrhosis also had lower baseline levels of albumin, 
hemoglobin, platelets, ferritin, and LDH, but higher levels 
of AST, alkaline phosphatase, lactate, and D-dimer.

Of the 84 patients with cirrhosis, 32 [38%] developed 
ACLF. Differences between patients with cirrhosis who did 
or did not develop ACLF are shown in Table 2. The majority 
of patients with ACLF had non-Hispanic/Latino ethnicity 
[81%]. Patients who developed ACLF were older [72 ver-
sus 68 years, p = 0.04] and more likely to have co-morbid 
hypertension [84% versus 58%, p = 0.01] and chronic kid-
ney disease [25% versus 0%, p < 00.001; median baseline 
creatinine 1.8 versus 0.8 mg/dL, p < 0.001]. Etiologies of 
cirrhosis were similar between patients who did or did not 
develop ACLF. On multivariate logistic regression analy-
sis (Table 3), Hispanic/Latino ethnicity [HR 0.26, 95% CI 
0.08–0.89, p = 0.03] was negatively associated with devel-
opment of ACLF whereas hypertension on admission pre-
dicted development of ACLF [HR 3.46, 95% CI 1.12–10.75, 
p = 0.03]. Compared to patients with cirrhosis who did not 
develop ACLF, those with ACLF had higher baseline MELD 

scores [18 versus 11, p < 0.001], leukocyte and platelet 
counts, and levels of CRP and procalcitonin but lower hemo-
globin levels. Baseline levels of INR, bilirubin, albumin, 
liver enzymes, lactate, ferritin, LDH, and D-dimer were not 
significantly different between the two groups of patients 
with cirrhosis.

The incidence and type of organ failures among patients 
with and without cirrhosis are presented in Table 4. On hos-
pital admission, there was no difference in the prevalence of 
tachypnea (RR > 20) in the CLD patients with and without 
cirrhosis although more patients in the non-cirrhotic group 
had fever [Temp > 38 C], and tachycardia [HR > 90]. The 
majority of patients with CLD experienced at least one 
organ failure [54%], with respiratory failure [39%], renal 
failure [26%], and circulatory failure [18%] being the most 
common. Cerebral failure and liver failure were rare and 
occurred exclusively among patients with cirrhosis [7% and 
4% of patients with cirrhosis, respectively]. There were no 
significant differences in the number of organ failures, need 
for mechanical ventilation, need for ICU care, need for renal 
replacement therapy, or length of stay between patients with 
and without cirrhosis. The evolution of ACLF on admis-
sion and during the hospital course among the 84 patients 
with cirrhosis is summarized in Table 5. On admission, 14 
[16.7%] patients presented with ACLF and an additional 18 
[21.4%] developed ACLF during their hospitalization. Not 

Data are presented as n [%] for categorical variables and median [IQR] for continuous variables
ALT alanine aminotransferase, AST aspartate aminotransferase, COPD chronic obstructive pulmonary dis-
ease, CRP C-reactive protein, INR international normalized ratio, LDH lactate dehydrogenase, MELD model 
for end-stage liver disease, NAFLD nonalcoholic fatty liver disease
a Patients with chronic kidney disease stage V [end-stage renal disease dependent on hemodialysis] were 
excluded from the study population
b Missing data for some patients: body mass index [n = 45], MELD score [n = 40], INR [n = 40], lactate 
[n = 106], ferritin [n = 53], lactate dehydrogenase [n = 72], D-dimer [n = 77], CRP [n = 46], and procalci-
tonin [n = 56]
c Consisted of: autoimmune hepatitis [n = 5: 2 without cirrhosis, 2 with cirrhosis without ACLF, and 1 with 
cirrhosis and ACLF], primary biliary cholangitis [n = 2: 1 without cirrhosis and 1 with cirrhosis without 
ACLF], cardiac cirrhosis [n = 3 with cirrhosis: 1 without ACLF and 2 with ACLF], cryptogenic cirrhosis 
[n = 3 with cirrhosis: 1 without ACLF and 2 with ACLF], and secondary biliary cirrhosis [n = 1 with cir-
rhosis without ACLF]

Table 1  (continued) Characteristics Chronic liver disease [n = 192]

No cirrhosis [n = 108] Cirrhosis [n = 84] p

 Leukocytes [×  109/L] 7.1  [4.8–9.2] 6.3  [4.1–8.2] 0.10
 Hemoglobin [g/dL] 13.6  [12.2–14.8] 12.1  [10.1–14.3] 0.002
 Platelets [×  109/L] 206  [155–265] 115  [70–164]  < 0.001
 Lymphocyte count [×  109/L] 0.95  [0.69–1.33] 0.72  [0.42–1.24] 0.009
 Lactate [mmol/L] 1.6  [1.3–2.2] 2.3  [1.6–3.6] 0.009
 Ferritin [μg/L] 696  [340–1232] 395  [122–1151] 0.007
 LDH [U/L] 418  [314–518] 334  [282–455] 0.048
 D-Dimer [ng/mL] 381  [199–802] 652  [384–2170] 0.003
 CRP [mg/L] 6.7  [3.7–14.3] 6.4  [2.5–9.7] 0.11
 Procalcitonin [ng/mL] 0.2  [0.1–0.4] 0.3  [0.1–0.8] 0.07
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Table 2  Admission 
characteristics of 84 patients 
with COVID-19 infection and 
cirrhosis, stratified by whether 
or not they developed ACLF

Characteristics Cirrhosis [N = 84]

No ACLF [n = 52] ACLF [n = 32] p

Vital signs
 Systolic blood pressure < 90 mHg 3 [5.8] 2 [6.3] 0.93
 Temperature > 38 °C 5 [9.6] 6 [18.8] 0.32
 Heart rate > 90 bpm 29 [55.8] 16 [50] 0.61
 Respiratory rate > 20 bpm 14 [26.9] 14 [43.8] 0.11
  SpO2 < 90% 5 [9.6] 7 [21.9] 0.19
  SpO2 < 80% 1 [1.9] 2 [6.3] 0.55
 Leukocytes < 4 or > 12 [×  109/L] 22 [42.3] 6 [18.8] 0.03

Sex 0.47
 Male 34 [65.4] 24 [75.0]
 Female 18 [34.6] 8 [25.0]

Age [years] 67 [57–73] 72 [67–78] 0.04
Race 0.02
 White 15 [28.9] 14 [43.8]
 Black 7 [13.5] 9 [28.1]
 Asian 2 [3.8] 3 [9.4]
 Other/multiracial 27 [51.9] 6 [18.8]
 Unknown 1 [1.9] 0 [0.0]

Ethnicity 0.02
 Non-Hispanic or Latino 28 [53.8] 26 [81.3]
 Hispanic or Latino 20 [38.5] 4 [12.5]
 Other or unknown 4 [7.7] 2 [6.3]

Esophageal varices 16[30.8] 9[28.1] 0.80
Ascites 16[30.8] 12[37.5] 0.52
Co-morbid conditions
 Hypertension 30 [57.7] 27 [84.4] 0.01
 Diabetes mellitus 28 [53.8] 16 [50.0] 0.73
 Coronary artery disease 3 [5.8] 5 [15.6] 0.14
 Chronic kidney  diseasea 0 [0.0] 8 [25.0]  < 0.001
 Heart failure 4 [7.7] 6 [18.8] 0.13
 Malignancy 10 [19.2] 4 [12.5] 0.42
 COPD 6 [11.5] 6 [18.8] 0.36

Body mass index [kg/m2]b

 < 30
 ≥ 30

27  [25–31] 
29 [76.3]
9 [23.7]

27 [24–31]
16 [59.3]
11 [40.7]

0.94
0.178

Etiology
 NAFLD 17 [32.7] 12 [37.5] 0.65
 Hepatitis C 15 [28.8] 8 [25.0] 0.80
 Alcohol-related liver disease 14 [26.9] 4 [12.5] 0.17
 Hepatitis B 0 [0.0] 3 [9.4] 0.052
  Otherc 6 [11.5] 5 [15.6] 0.74

Laboratory measurements [first within 48  h]b

 MELD score 11 [9–14] 18 [14–23]  < 0.001
Child–Turcotte–Pugh score 0.21
 CTP A 26 (50) 10 (31.3)
 CTP B 22 (56.4) 17 (53.1)
 CTP C 4 (7.7) 5 (15.6)
 Creatinine [mg/dL] 0.8 [0.7–1.1] 1.8 [1.3–2.7]  < 0.001
 INR 1.3 [1.2–1.5] 1.4 [1.2–2.0] 0.57
 Bilirubin [mg/dL] 1.0 [0.7–1.8] 1.1 [0.4–2.5] 0.77
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surprisingly, respiratory failure was the predominant organ 
failure considering the mode of infection of the virus, fol-
lowed by renal failure, circulatory failure, coagulation fail-
ure, and liver failure, respectively. On admission, only 4.8% 
required mechanical ventilation, but 44.1% will ultimately 
require mechanical ventilation during the hospitalization 
with almost 33.3% developing multi-organ failure.

Figure 2 shows Kaplan–Meier curves for in-hospital 
mortality according to the presence of cirrhosis and/or 
ACLF (Fig. 2a) or, among patients with cirrhosis, by grade 
of ACLF (Fig. 2b). There was no significant difference 
in mortality between patients with and without cirrhosis 
[unadjusted HR 1.84, 95% CI 0.92–3.68, p equal to 0.08; 
adjusted HR 1.54, 95% CI 0.75–3.18, p = 0.24]. Among 
patients with cirrhosis, those who developed ACLF were 
five times as likely to die while hospitalized (Table 6, HR 
5.05, 95% CI 1.83–13.86, p = 0.002). After adjustment 
for age, sex, race, and ethnicity, risk of in-hospital mortal-
ity was nine times higher among patients who developed 
ACLF (Table 7, adjusted HR 9.06, 95% CI 2.63–31.12, 
p < 0.001). Hispanic/Latino ethnicity was particularly at 
higher risk of in-hospital mortality (Table 7, adjusted HR 

4.92, 95% CI 1.27–19.09, p < 0.02) in cirrhosis despite 
having lower risk of development of ACLF as noted ear-
lier. There was a trend for incrementally worse survival 
by increased grade of ACLF (Table 7, p for trend equal to 
0.002), with adjusted HRs of 3.09 [95% CI 0.54–17.34, 
p = 0.20] for ACLF grade I, 9.99 [95% CI 1.49–66.95, 
p equal to 0.02] for ACLF grade II, and 18.31 [95% CI 
4.50–74.46, p < 0.001] for ACLF grade III compared 
to patients with cirrhosis who did not develop ACLF 
(Table 7).

Baseline characteristics of the propensity score-
matched controls without underlying CLD or cirrhosis 
compared to patients with CLD or cirrhosis (1:1 match) 
used in the sensitivity analysis are shown on Supplemental 
Tables 2 and 3. There were no significant differences in 
baseline demographics or comorbidities. Kaplan–Meier 
survival curves showed no difference in-hospital mortality 
according to the presence of CLD compared to matched 
control without CLD (log rank, p = 0.98) (Fig. 3a) and 
presence of cirrhosis compared to matched control without 
cirrhosis (log rank, p = 0.51) (Fig. 3b).

Data are presented as n [%] for categorical variables and median [IQR] for continuous variables
ALT alanine aminotransferase, AST aspartate aminotransferase, COPD chronic obstructive pulmonary dis-
ease, CRP C-reactive protein, INR international normalized ratio, LDH lactate dehydrogenase, MELD model 
for end-stage liver disease, NAFLD nonalcoholic fatty liver disease
a Patients with chronic kidney disease stage V [end-stage renal disease dependent on hemodialysis] were 
excluded from the study population
b Missing data for some patients: body mass index [n = 45], MELD score [n = 40], INR [n = 40], lactate 
[n = 106], ferritin [n = 53], lactate dehydrogenase [n = 72], D-dimer [n = 77], CRP [n = 46], and procalci-
tonin [n = 56]
c Consisted of: autoimmune hepatitis [n = 5: 2 without cirrhosis, 2 with cirrhosis without ACLF, and 1 with 
cirrhosis and ACLF], primary biliary cholangitis [n = 2: 1 without cirrhosis and 1 with cirrhosis without 
ACLF], cardiac cirrhosis [n = 3 with cirrhosis: 1 without ACLF and 2 with ACLF], cryptogenic cirrhosis 
[n = 3 with cirrhosis: 1 without ACLF and 2 with ACLF], and secondary biliary cirrhosis [n = 1 with cir-
rhosis without ACLF]

Table 2  (continued) Characteristics Cirrhosis [N = 84]

No ACLF [n = 52] ACLF [n = 32] p

 Albumin [g/dL] 3.2 [2.5–3.5] 2.7 [2.3–3.5] 0.19
 AST [IU/L] 56 [43–101] 75 [42–116] 0.39
 ALT [IU/L] 32 [24–52] 35 [22–65] 0.70
 Alkaline phosphatase [IU/L] 119 [82–177] 124 [80–200] 0.62
 Leukocytes [×  109/L] 5.1 [3.6–7.8] 7.1 [6.0–9.3] 0.005
 Hemoglobin [g/dL] 12.7 [10.7–14.8] 10.8 [9.4–13.2] 0.01
 Platelets [×  109/L] 112 [60–149] 129 [97–232] 0.02
 Lymphocyte count [×  109/L] 0.72 [0.41–1.18] 0.74 [0.49–1.25] 0.16
 Lactate [mmol/L] 2.1 [1.5–2.7] 2.6 [1.6–4.1] 0.25
 Ferritin [μg/L] 272 [102–1113] 459 [308–1297] 0.18
 LDH [U/L] 323 [271–423] 378 [313–473] 0.15
 D-Dimer [ng/mL] 606 [340–1744] 800 [429–2499] 0.54
 CRP [mg/L] 4.5 [1.8–7.5] 9.0 [5.7–14.6] 0.001
 Procalcitonin [ng/mL] 0.2 [0.1–0.5] 0.7 [0.3–1.5] 0.006
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Discussion

We have highlighted several important observations from 
the current analysis amongst a large cohort of CLD patients 
hospitalized with COVID-19 infection. First, the develop-
ment of ACLF among those with cirrhosis and COVID-19 
led to worse in-hospital mortality and it was incremental 
with higher grades of ACLF. Second, patients with cirrhosis 
who developed ACLF had a higher median MELD score 
at hospital admission. Third, cirrhotic patients of Hispanic/
Latino ethnicity  were particularly at higher risk of in-hos-
pital mortality despite having lower risk of development of 
ACLF. Hypertension on admission predicted development of 
ACLF. Finally, the presence of CLD or cirrhosis by itself is 

not associated with a difference in in-hospital mortality after 
comparison with an age, gender and comorbidity-matched 
control group using propensity control methods.

In the current analysis including 10,859 adults with 
confirmed COVID-19 infection who had been admitted 
to any one of our 12 hospitals in the New York metro-
politan area, we noted a prevalence of CLD of 1.8%. Few 
studies have evaluated whether patients with CLD are at 
increased risk for poor outcomes due to COVID-19 infec-
tion [11–14]. The presence of underlying chronic liver 
disease was significantly associated with more severe 
COVID-19 infections and mortality in a recent meta-anal-
ysis [14]. A recent study from Asia, which included 228 
patients (185 CLD without cirrhosis and 43 with cirrhosis) 

Table 3  Predictors of ACLF 
on univariate and multivariate 
logistic regression analyses

a Multivariate logistic regression analysis was performed using Stepwise approach, entry criteria for inclu-
sion of the variables in the final model was P < 0.2, and the stay criteria was P < 0.35. Age, race, ethnicity 
and hypertension were included in the initial model
b Patients with chronic kidney disease stage V [end-stage renal disease dependent on hemodialysis] were 
excluded from the study population

ACLF

Unadjusted analysis Adjusted  analysisa

HR [95% CI] p HR [95% CI] p

Sex
 Male 1
 Female 0.63 [0.24–1.68] 0.36

Age [years] 1.03 [0.99–1.07] 0.09
Race
 White [REF] 1
 Black 1.38 [0.40–4.70] 0.12
 Other 0.32 [0.11–0.91] 0.009

Ethnicity
 Non-Hispanic or non-Latino [REF] 1 1
 Hispanic or Latino 0.23 [0.07–0.75] 0.01 0.26 [0.08–0.89] 0.03

Esophageal varices 0.88 [0.33–2.32] 0.80
Ascites 1.35 [0.53–3.41] 0.53
Co-morbid conditions
 Hypertension [REF = No] 3.96 [1.32–11.91] 0.01 3.46 [1.12–10.75] 0.03
 Diabetes mellitus [REF = No] 0.86 [0.36–2.07] 0.73
 Coronary artery disease [REF = No] 3.02 [0.67–13.64] 0.15
 Chronic kidney  diseaseb [REF = No]  > 99.99 [< 0.01– > 99.99] 0.96
 Heart failure [REF = No] 2.77 [0.72–10.70] 0.14
 Malignancy [REF = No] 0.60 [0.17–2.10] 0.43
 COPD [REF = No] 1.77 [0.52–6.05] 0.36

Obesity
Body mass index [kg/m2] < 30 [REF] 1
Body mass index [kg/m2] ≥ 30 2.22 [0.76–6.47] 0.15
Etiology
 NAFLD
  No 1
  Yes 1.24 [0.49–3.10] 0.65
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reported that 43% of those with CLD without cirrhosis 
presented with acute liver injury and 20% of those with 
cirrhosis presented with either ACLF (11.6%) or acute 

hepatic decompensation (9%) [11]. A recent meta-anal-
ysis noted that the presence of CLD was associated with 
more severe COVID-19 infection (pooled OR 1.48) and 
overall mortality (pooled OR 1.78) [14]. In contrast, two 
other meta-analyses failed to find an association between 
CLD and increased COVID-19 severity or mortality [15, 
16]. In the present cohort of patients with CLD, we have 
noted that the presence of CLD or cirrhosis by itself is not 
associated with a difference in in-hospital mortality after 
comparison with an age, gender and comorbidity-matched 
control using propensity control methods, but the presence 
of ACLF significantly increased the in-hospital mortality 
in those with cirrhosis and COVID-19 infection.

ACLF is a syndrome associated with a high risk of short-
term death [i.e., death less than 28 days after hospital admis-
sion] in patients with acutely decompensated cirrhosis [17]. 
Three major features characterize this syndrome: it occurs 
in the context of intense systemic inflammation, it frequently 
develops in close temporal relationship with proinflamma-
tory precipitating events [e.g., infections or alcoholic hepati-
tis], and it is associated with single- or multiple-organ failure 

Table 4  Evolution of ACLF on admission and in-hospital in the 84 
patients with cirrhosis based on EASL-CLIF definition

On admission In-hospital

All patients N = 84 N = 84
ACLF 14 (16.7) 32 (38.1)
ACLF grades
 ACLF grade 0 70 (83.3) 52 (61.9)
 ACLF grade 1 7 (8.3) 10 (11.9)
 ACLF grade 2 5 (6.0) 8 (9.5)
 ACLF grade 3 2 (2.4) 14 (16.7)

Organ failures
 Liver failure 2 (2.4) 3 (3.6)
 Renal failure 12 (14.3) 25 (29.8)
 Coagulation failure 6 (7.1) 7 (8.3)
 Circulatory failure 5 (6) 16 (19.1)
 Respiratory failure 13 (15.5) 37 (44.1)

Number of organ failures
 0 53 (63.1) 33 (39.3)
 1 20 (23.8) 23 (27.2)
 2 9 (10.7) 14 (16.7)
 ≥ 3 2 (2.4) 14 (16.7)

Mechanical ventilation 4 (4.8) 37 (44.1)

Table 5  Evolution of ACLF on admission and in-hospital in the 84 
patients with cirrhosis based on EASL-CLIF definition

On admission In-hospital

All patients N = 84 N = 84
ACLF 14 (16.7) 32 (38.1)
ACLF grades
 ACLF grade 0 70 (83.3) 52 (61.9)
 ACLF grade 1 7 (8.3) 10 (11.9)
 ACLF grade 2 5 (6.0) 8 (9.5)
 ACLF grade 3 2 (2.4) 14 (16.7)

Organ failures
 Liver failure 2 (2.4) 3 (3.6)
 Renal failure 12 (14.3) 25 (29.8)
 Coagulation failure 6 (7.1) 7 (8.3)
 Circulatory failure 5 (6) 16 (19.1)
 Respiratory failure 13 (15.5) 37 (44.1)

Number of organ failures
 0 53 (63.1) 33 (39.3)
 1 20 (23.8) 23 (27.2)
 2 9 (10.7) 14 (16.7)
 ≥ 3 2 (2.4) 14 (16.7)

Mechanical ventilation 4 (4.8) 37 (44.1)

Fig. 2  Kaplan–Meier curves for in-hospital mortality among a all 
patients with chronic liver disease, based on no cirrhosis, cirrhosis 
without ACLF, and cirrhosis with ACLF; and b patients with cirrho-
sis, based on grade of ACLF
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[18]. Elevated serum levels of several cytokines, includ-
ing soluble Fas (sFas) antigen [19], TNF-α, sTNF-αR1, 
sTNF-αR2, IL-2, IL-2R, IL-6, IL-8, IL-10, and interferon-γ, 
have been described in patients with ACLF [20–23]. Ele-
vated levels of circulating cytokines in ACLF may be the 
result of increased production due to endotoxemia [24, 25].

We previously reported the first case of ACLF related to 
COVID-19 infection in a patient with cirrhosis without sig-
nificant respiratory symptoms [26], which led to our interest 
in further exploring the impact of ACLF in this population. 
Consistent with the typical course of critical COVID-19 
infection, in the current study, the high prevalence of ACLF 
[38%] among patients with cirrhosis was predominantly 
driven by the development of respiratory failure. As in other 
studies of patients with critical COVID-19 infection, renal 
failure and the need for vasopressors were not uncommon 
[27–29]. Acute kidney injury occurs early and in temporal 
association with respiratory failure and is associated with 
a poor prognosis [29]. Differences in the MELD scores 
between patients with cirrhosis who did or did not develop 
ACLF in our study were largely due to a higher prevalence 
of chronic kidney disease and higher serum creatinine lev-
els [possibly secondary to a combination of chronic kidney 
disease and superimposed acute kidney injury] in the ACLF 
group. In our study, although liver failure and cerebral fail-
ure were exclusively seen among patients with underlying 
cirrhosis, patients with and without cirrhosis had similar 
number of organ failures. These groups also had a similar 
in-hospital mortality as well as a similar need for invasive 
mechanical ventilation and an ICU level of care.

The mechanism of liver injury in COVID-19 infection is 
postulated to be a result of direct cytopathic effects of the 
virus; immune imbalance and cytokine storm-related multi-
organ damage; hypoxia-reperfusion dysfunction; and idio-
syncratic, drug-induced liver injury due to medications used 
for the management of COVID-19 infection [30, 31]. Early 
retrospective data from China and Italy showed that elevated 
inflammatory markers—particularly ferritin, CRP, LDH, 
interleukin 6 [IL-6], and D-dimer—were associated with 
severe illness and increased mortality [32]. A severely dys-
regulated immune response to local inflammation (COVID-
19-induced pneumonia) with heightened production of 
cytokines and chemokines that in turn act as chemoattract-
ants for other inflammatory cells result in an exaggerated 
immune response with consequent systemic manifesta-
tions and multi-organ involvement [30]. This sequence of 
events, termed cytokine storm, has been shown to be a major 
determinant of poor survival in patients with COVID-19 
infection [30]. In a retrospective, single-center study of 148 
COVID-19-infected patients, there were higher levels of 
procalcitonin and CRP in patients presenting with abnor-
mal liver chemistries [33]. In the current study, patients who 
developed ACLF had significantly higher baseline levels of 
procalcitonin and CRP. Although levels of ferritin, LDH, 
and D-Dimer were also numerically higher in the ACLF 
group than in cirrhosis patients who did not develop ACLF, 
these differences did not reach statistical significance. None-
theless, the finding of increased inflammatory markers in 
patients with ACLF suggests that cytokine storm may be 

Table 6  Association between ACLF and in-hospital mortality among 
cirrhosis patients hospitalized with confirmed COVID-19 infection 
on unadjusted univariate analysis

* Patients with chronic kidney disease stage V [end-stage renal dis-
ease dependent on hemodialysis] were excluded from the study popu-
lation

In-hospital mortality on 
unadjusted analysis

HR [95% CI] p

ACLF
 No 1
 Yes 5.05  [1.83–13.86] 0.002

ACLF grades
 ACLF grades 1
 ACLF grade I 5.64  [1.27–24.83] 0.02
 ACLF grade II 3.29  [0.78–13.81] 0.10
 ACLF grade III 5.84  [1.98–17.16]  < 0.001

Sex
 Male 1
 Female 2.18 [0.91–5.25] 0.08

Age [years] 1.03 [1.00–1.07] 0.049
Race
 White [REF] 1
 Black 0.36 [0.08–1.67] 0.19
 Other 0.62 [0.25–1.52] 0.33

Ethnicity
 Non-Hispanic or non-Latino 1
 Hispanic or Latino 1.72 [0.69–4.23] 0.25

Esophageal varices 0.48 [0.18–1.31] 0.15
Ascites 0.76 [0.31–1.88] 0.55
Co-morbid conditions
 Hypertension [REF = No] 1.52 [0.56–4.15] 0.42
 Diabetes mellitus [REF = No] 1.70 [0.68–4.23] 0.26
 Coronary artery disease [REF = No] 1.42 [0.48–4.23] 0.53
 Chronic kidney disease* [REF = No] 2.51 [0.84–7.50] 0.10
 Heart failure [REF = No] 2.35 [0.86–6.44] 0.09
 Malignancy [REF = No] 0.36 [0.08–1.56] 0.17
 COPD [REF = No] 1.97 [0.66–5.87] 0.23

Obesity
 Body mass index [kg/m2] < 30 [REF] 1
 Body mass index [kg/m2 ≥ 30] 1.29 [0.48–3.49] 0.62

Etiology
 NAFLD
  No 1
  Yes 1.53 [0.65–3.62] 0.33
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a precipitant of ACLF in cirrhosis patients infected with 
COVID-19. A recent study from our center has evaluated 
the role of combination of corticosteroids with tocilizumab 
showing superior survival outcome when compared with 
SoC (Standard of Care) treatment as well as treatment with 
corticosteroids alone or in combination with anakinra [34]. 
These encouraging results should be evaluated in the context 
of preventing ACLF in cirrhosis.

In a multivariate analysis, hypertension and non-His-
panic/Latino ethnicity were independent predictors of 
ACLF. Our finding of hypertension as a risk factor for ACLF 
and poor outcomes is consistent with results from a pooled 
analysis of 6,560 patients with COVID-19 that showed an 
association between hypertension and risk of a composite 
outcome including mortality, severe COVID-19, acute res-
piratory distress syndrome, the need for ICU care, and dis-
ease progression [35]. Due to genetic polymorphism or the 
use of angiotensin-converting enzyme inhibitor or angioten-
sin-receptor blocker therapy [36], hypertensive patients may 
have increased susceptibility to the development of severe 
COVID-19 infection as a result of increased angiotensin-
converting enzyme 2 expression. NAFLD was the most 
common etiology of underlying CLD in both patients with 
and without cirrhosis. However, etiology of underlying liver 
disease did neither impact the development of ACLF in cir-
rhosis patients in our cohort nor did it impact the in-hospital 

mortality. Hispanic/Latino ethnicity, although associated 
with a lower risk of developing ACLF, was  associated with 
a higher risk for in-hospital mortality due to COVID-19 on 
adjusted analysis—consistent with the reported literature 
[37].

An important limitation of our study is its retrospective 
nature and lack of pre-hospitalization data for many patients. 
In addition, data on viral kinetics and viral persistence were 
not available, though these might have differed among 
patients with CLD and cirrhosis and might have impacted 
their outcomes. Finally, due to limited sample sizes, we were 
unable to develop robust multivariate models adjusting for 
multiple baseline covariates such as MELD score, and our 
comparisons of survival between groups might have residual 
confounding.

In this large cohort of hospitalized COVID-19 patients 
with CLD, development of ACLF among those with cir-
rhosis led to worse in-hospital mortality. COVID-19-re-
lated ACLF remains the main driver of mortality and criti-
cal illness for COVID-19-infected patients with cirrhosis. 
The presence of hypertension on admission may increase 
the risk of ACLF in cirrhotic patients. Although Hispanic/
Latino ethnicity may be at lower risk for the development 
of ACLF due to COVID-19, they remain at higher risk 
of in-hospital mortality. The presence of CLD or cirrhosis 
by itself is not associated with a difference in in-hospital 

Table 7  Association between 
ACLF and in-hospital mortality 
among cirrhosis patients 
hospitalized with confirmed 
COVID-19 infection on 
adjusted multivariate analysis

a Multivariate Cox regression models were adjusted for potential confounding variables identified a priori: 
age, sex, ethnicity, and race

Variables In-hospital mortality on adjusted  analysisa

Multivariate model 1 Multivariate model 1

HR [95% CI] p HR [95% CI] p

ACLF
 No 1
 Yes 9.06  [2.63–31.12]  < 0.001

ACLF Grades
 No ACLF [REF] 1
 ACLF grade I 3.09  [0.54–17.34] 0.20
 ACLF grade II 9.99  [1.49–66.95] 0.02
 ACLF grade III 18.31  [4.50–74.46]  < 0.001

Sex
 Male 1 1
 Female 1.40 [0.50–3.92] 0.53 1.93 [0.63–5.95] 0.25

Age [years] 1.01 [0.97–1.05] 0.58 1.09 [0.99–1.07] 0.21
Race
 White [REF] 1 1
 Black 0.34 [0.07–1.69] 0.19 0.45 [0.09–2.33] 0.34
 Other 0.53 [0.15–1.82] 0.31

Ethnicity
 Non-Hispanic or non-Latino 1 1
 Hispanic or Latino 4.92 [1.27–19.09] 0.02 8.10 [1.81–36.25] 0.006
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mortality after comparison with an age, gender and comor-
bidity-matched control group. Preventative strategies for 
the COVID-19 infection with early vaccination strategies 
should be prioritized in patients with cirrhosis and an early 
institution of treatment should be strongly considered.
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