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BACKGROUND AND AIMS: Whether patients with cir-
rhosis have increased risk of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and the extent to
which infection and cirrhosis increase the risk of adverse pa-
tient outcomes remain unclear.

APPROACH AND RESULTS: We identified 88,747 pa-
tients tested for SARS-CoV-2 between March 1, 2020, and
May 14, 2020, in the Veterans Affairs (VA) national health
care system, including 75,315 with no cirrhosis-SARS-CoV-
2-negative (C0-S0), 9,826 with no cirrhosis—SARS-CoV-2-
positive (C0-S1), 3,301 with cirrhosis-SARS-CoV-2-negative
(C1-S0), and 305 with cirrhosis-SARS-CoV-2-positive
(C1-S1). Patients were followed through June 22, 2020.
Hospitalization, mechanical ventilation, and death were mod-
eled in time-to-event analyses using Cox proportional hazards
regression. Patients with cirrhosis were less likely to test posi-
tive than patients without cirrhosis (8.5% vs. 11.5%; adjusted
odds ratio, 0.83; 95% CI, 0.69-0.99). Thirty-day mortality and
ventilation rates increased progressively from CO0-SO (2.3%
and 1.6%) to C1-SO (5.2% and 3.6%) to C0-S1 (10.6% and
6.5%) and to C1-S1 (17.1% and 13.0%). Among patients
with cirrhosis, those who tested positive for SARS-CoV-2
were 4.1 times more likely to undergo mechanical ventilation

(adjusted hazard ratio [aHR], 4.12; 95% CI, 2.79-6.10) and

3.5 times more likely to die (aHR, 3.54; 95% CI, 2.55-4.90)
than those who tested negative. Among patients with SARS-
CoV-2 infection, those with cirrhosis were more likely to be
hospitalized (aHR, 1.37; 95% CI, 1.12-1.66), undergo ven-
tilation (aHR, 1.61; 95% CI, 1.05-2.46) or die (aHR, 1.65;
95% CI, 1.18-2.30) than patients without cirrhosis. Among
patients with cirrhosis and SARS-CoV-2 infection, the most
important predictors of mortality were advanced age, cirrhosis
decompensation, and high Model for End-Stage Liver Disease

score.

CONCLUSIONS: SARS-CoV-2

with a 3.5-fold increase in mortality in patients with cirrho-

infection was associated

sis. Cirrhosis was associated with a 1.7-fold increase in mor-
tality in patients with SARS-CoV-2 infection. (HepaTOLOGY
2021;74:322-335).

he clinical manifestations of severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) range from asymptomatic infection
to life-threatening illness. ™ It remains unclear why
some patients infected with SARS-CoV-2 develop
severe, life-threatening COVID-19, while others have
a mild or even asymptomatic clinical course. Multiple
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risk factors for developing severe COVID-19 disease
have been reported, including sociodemographic fac-
tors and comorbid conditions. %) Registry and case—
control studies from selected tertiary referral centers
suggested that patients with cirrhosis infected with
SARS-CoV-2 have very high mortality, approaching
30%-40%. 2427 However, these studies were limited
to hospitalized patients and likely included a dis-
proportionate number of patients with severe illness.
Surprisingly, a study limited to hospitalized patients
reported that those with cirrhosis and SARS-CoV-2
infection had similar mortality compared to patients
with cirrhosis alone.?® An analysis using population-
based claims data suggested that chronic liver disease
was associated with poor outcomes in SARS-CoV-
@) However, appropriate controls
(i.e., uninfected patients with and without cirrhosis
and infected patients without cirrhosis) were lacking
for these studies.

We sought to address four related clinically rele-
vant questions. First, is cirrhosis associated with an
increased risk of testing positive for SARS-CoV-2?
Second, to what extent does cirrhosis increase the
risk of adverse outcomes (hospitalization, mechani-
cal ventilation, or death) in SARS-CoV-2-infected
patients? Third, to what extent does SARS-CoV-2
infection increase the risk of adverse outcomes in
patients with cirrhosis? Fourth, what are the sociode-
mographic and clinical predictors of adverse outcomes
in SARS-CoV-2-infected patients with cirrhosis? To
address these questions, we used national data from
the Department of Veterans Affairs (VA) health care
system on all veterans who were tested for SARS-

CoV-2 prior to May 15, 2020, including all patients

2-infected patients.

ARTICLE INFORMATION:

IOANNOU, LIANG, ET AL.

with and without a diagnosis of cirrhosis. The VA
health care system provides care for the largest num-
ber of patients with cirrhosis of any integrated health
care system in the United States and has been used as
the source for multiple clinical epidemiology studies

in cirrhosis.?”

Methods

DATA SOURCE AND STUDY
POPULATION

The VA provides care for more than 6 million veter-
ans annually at 168 medical centers and 1,053 outpa-
tient clinics and uses a single comprehensive electronic
health care information network. We derived data
from the Veterans Health Administration (VHA)
Corporate Data Warehouse (CDW), a data reposi-
tory of the integrated VA electronic medical records,
developed by the VA Informatics and Computing
Infrastructure (VINCI), to facilitate research. To sup-
port and streamline COVID-19 research, VINCI has
developed the COVID-19 Shared Data Resource,*”
which includes analytic variables extracted from the
CDW for all patients in the VHA who were tested
for SARS-CoV-2. Using this resource, we identi-
fied all patients tested for SARS-CoV-2 nucleic
acid by PCR in the inpatient or outpatient setting
between February 28, 2020 (the date of the earliest
VA-recorded test), and May 14, 2020 (n = 88,747),
exclusive of those who were VA employees. Cohort
members were followed through June 22, 2020, for

study outcomes, such that all patients had a minimum
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follow-up time of 39 days. This study was approved by
the institutional review board of the Veterans Affairs
Puget Sound Health Care System, which waived the

requirement for informed consent.

DEFINITION OF POSITIVE OR
NEGATIVE SARS-CoV-2 STATUS
AND INDEX DATE

Patients were defined as being positive for SARS-
CoV-2 if they had at least one positive PCR test
(n = 10,131 or 11.4%) during the ascertainment
period and as negative for SARS-CoV-2 if all their
PCR tests were negative (n = 78,616 or 88.6%). Final
adjudication of SARS-CoV-2 status was performed by
the VA National Surveillance Tool, which is intended
to be the single, authoritative data source for determi-
nation of positive and negative cases within the VHA.
The index date for all analyses was defined as the date
of the earliest positive test (for SARS-CoV-2-positive
patients) or the date of the earliest negative test (for
SARS-CoV-2-negative patients), unless the patient
was an inpatient at the time of testing who had been
admitted to a VA hospital during the preceding 15
days, in which case the date of admission served as
the index date (this occurred in 4.6% of the study
population).

DEFINITION OF CIRRHOSIS

The diagnosis of cirrhosis was based on documen-
tation of International Classification of Diseases, 10th
Revision (ICD-10), or ICD-9 codes for cirrhosis
recorded at least twice in any inpatient or outpatient
records prior to the index date or a diagnosis of cir-
rhosis recorded only once together with at least one
complication of cirrhosis (Supporting Table S1). Our
prior work has demonstrated that this approach to
identifying patients with cirrhosis using national VA
data has a 97% positive predictive value compared to
the gold standard of chart extraction.*" These ICD-
9/10 codes for cirrhosis extracted from VA electronic
medical records have been used in many clinical epi-
demiology studies. We categorized cirrhosis etiology
as “active hepatitis C virus” (HCV) in patients with
a positive HCV RNA viral load, “prior HCV” in
patients with a prior positive HCV RNA viral load
that was eradicated by treatment, or “no HCV” in
patients who never tested positive for HCV.
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COMPARISON GROUPS

Veterans tested for SARS-CoV-2 were divided into
four groups according to cirrhosis and SARS-CoV-2
status:

C0-S0: no cirrhosis and SARS-CoV-2-negative
(n = 75,315)

C0-S1: no cirrhosis and SARS-CoV-2-positive

(n =9,826)

C1-S0: cirrhosis and SARS-CoV-2-negative
(n =3,301)

C1-S1: cirrhosis and SARS-CoV-2-positive
(n = 305).

ADVERSE OUTCOMES:
HOSPITALIZATION, MECHANICAL
VENTILATION, AND MORTALITY

We determined the following three outcomes: (1)
hospitalization at the index date or within 15 days of
the index date; (2) mechanical ventilation at the index
date or within 60 days (3) all-cause mortality at any
time after the index date.

Deaths that occurred both in and out of the VA
are comprehensively captured in the CDW through
a variety of sources including VA inpatient files, the
VA Beneficiary Identification and Records Locator
System, Social Security Administration death files,
and the Department of Defense.®? All episodes
of mechanical ventilation and hospitalization that
occurred within the VA are captured as well as those
outside the VA if paid for by the VA under the

Community Care program.

BASELINE CHARACTERISTICS
EVALUATED AS PREDICTORS OF
ADVERSE OUTCOMES

We included a range of patient characteristics that
had been evaluated in prior studies or that we hypoth-
esized might be associated with adverse outcomes in
patients infected with SARS-CoV-2. Baseline socio-
demographic characteristics included age, sex, race, eth-
nicity, body mass index, urban versus rural residence
(based on ZIP codes), and regional COVID-19 bur-
den operationalized as the number of COVID-19-
related deaths per million in each participant’s state
of residence as of June 11, 2020,(33) categorized as
<130, 130-350, 350-700, and >700 deaths per million.



HEPATOLOGY, Vol. 74, No. 1, 2021

Comorbid conditions were extracted by VINCI analysts
based on ICD-10 codes recorded in VA administra-
tive data during the 2-year period on or before the
index date.®” Individuals were considered to have
decompensated cirrhosis if they were diagnosed with
any of the following complications: ascites, sponta-
neous bacterial peritonitis, hepatorenal syndrome,
hepatopulmonary syndrome, encephalopathy, or var-
iceal bleeding. We used the Charlson Comorbidity
Index (CCI) to estimate each patient’s overall burden
of comorbidity.

We also included documented symptoms thought
to be related to SARS-CoV-2 identified by VINCI
analysts based on a combination of natural language
processing of text notes in patients’ electronic medical
records (i.e., outpatient visit notes, admission notes,
progress note, discharge summaries) stored as “text
integration utilities” notes in the CDW and search-
ing for relevant ICD-10 codes®” occurring on or
within 30 days prior to the index date. We do not
report associations with loss of smell or taste as these
were not widely recognized during the ascertainment
period and thus rarely reported.

Finally, for hospitalized patients only, we analyzed
13 routinely available Zaboratory blood tests and calcu-
lated the Model for End-Stage Liver Disease (MELD)
score using values for bilirubin, creatinine, and inter-
national normalized ratio. For each test, we extracted
the value closest to the index date, on or within 10
days before the index date, or, if absent, within 5 days
after the index date (88% were performed within 2
days of the index date).

STATISTICAL ANALYSIS

We used multivariable logistic regression to eval-
uate whether cirrhosis was independently associ-
ated with testing positive for SARS-CoV-2, with or
without adjusting for sociodemographic characteris-
tics, comorbidities, and presenting symptoms. Using
the Kaplan-Meier method, we calculated 30-day
hospitalization, mechanical ventilation, and mortal-
ity rates from the index date through June 22, 2020,
for each of the four comparison groups (C0-S0, CO-
S1, C1-50, C1-S1). Participants who did not expe-
rience the outcome of interest were censored at the
end of follow-up. We used Cox proportional hazards
models to determine whether SARS-CoV-2 infec-
tion was independently associated with each adverse
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outcome (hospitalization, mechanical ventilation,
mortality) among patients with cirrhosis, adjusting
for cirrhosis etiology, decompensation status, age, sex,
race, ethnicity, CCI, and geographical region (with
or without serum albumin and MELD score among
hospitalized patients). We also used Cox propor-
tional hazards models to determine whether cirrho-
sis was independently associated with each adverse
outcome among patients who tested positive for
SARS-CoV-2, adjusting for the same covariates as
above in addition to specific comorbidities that were
more prevalent in individuals with cirrhosis (diabe-
tes, cancer, hypertension, congestive heart failure,
dialysis, chronic kidney disease, chronic obstructive
pulmonary disease). In secondary analyses we used
competing risks analysis for the outcomes of hospi-
talization or ventilation to account for the compet-
ing risk of death. Subgroup analyses were performed
limited to patients who were hospitalized.

Results

BASELINE CHARACTERISTICS:
COMPARISON BY CIRRHOSIS AND
SARS-CoV-2 STATUS

Among patients with cirrhosis, those who tested
positive for SARS-CoV-2 were more likely to be Black
(46.2% vs. 24.8%), live in states with high COVID-19
burden (>700 deaths/million, 35.4% vs. 10.6%), and
report fever (44.6% vs. 27.9%) than those who tested
negative (Table 1). However, the distributions of CCI
and comorbid conditions (Supporting Table S2) were
similar.

Among patients who tested positive for SARS-
CoV-2, those with cirrhosis were more likely to be
male, aged 50-79 years (rather than 280 or <50 years),
and have higher CCI and higher prevalence of a
number of comorbid conditions (including diabetes,
hypertension, coronary artery disease, alcohol depen-
dence, and substance use disorder [Supporting Table
S2]) than patients without cirrhosis. The two groups
were similar in terms of race/ethnicity, geographical
distribution, and reported symptoms.

Patients with cirrhosis who tested positive for
SARS-CoV-2 (n = 305) frequently had past (41.3%)
or active (5.9%) HCV, were overwhelmingly male

(97%), and had a mean age of 67.3 (SD 9.3) years.
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TABLE 1. Characteristics of VA Patients Tested for SARS-CoV-2, by Cirrhosis and SARS-CoV-2 Status

No Cirrhosis

Cirrhosis

SARS-CoV-2-Negative

SARS-CoV-2-Positive

SARS-CoV-2-Negative

SARS-CoV-2-Positive

C0-S0,n=75,315 C0-S1,n=9,826 C1-80,n = 3,301 C1-S1,n =305
Cirrhosis efiology (%)
No HCV 99.6 99.7 59.0 52.8
Past HCV 0.3 0.2 33.7 41.3
Current HCV 0.1 0.1 7.2 59
Cirrhosis decompensation prior to N/A N/A 35.4 30.2
SARS-CoV-2
Men 87.8 90.8 96.2 97
Age (years) (%)
18-49 23.2 20.0 4.5 3.9
50-64 29.9 28.7 36 32.1
65-79 35.6 36.1 54.2 56.4
>80 11.3 156.2 53 7.5
Race (%)
White 65.4 49.6 67.5 47.2
Black 24.6 41.5 24.8 46.2
Other 29 2.2 2.6 1.6
Declined/Missing/Unknown 7.1 6.7 5.1 4.9
Ethnicity (%)
Non-Hispanic 89.0 87.6 89.3 88.5
Hispanic 7.5 9.3 8.8 10.2
Declined/Missing/Unknown 3.5 3.1 1.9 1.3
Geographical region: COVID-19-related deaths
per million (%)*
<130 42.4 19.1 43.2 15.4
130-350 33.7 23.3 32.2 23.6
350-700 13.8 26.0 14 25.6
>700 10.2 31.7 10.6 35.4
Urban vs. rural (%)
Rural/highly rural 38.5 24.0 36.2 17.7
Urban 61.5 76.0 63.8 82.3
BMI at index date
<18.5 (underweight) 3.1 2.7 3.4 3.6
18.5-24.9 (normal) 22.2 18.4 27.2 259
25.29.9 (overweight) 31.6 31.4 32.3 28.2
30-34.9 (obese I) 23.2 25.6 21.6 19.3
>35 (obese Il and Ill) 17.2 19.3 15.3 22.3
Missing 2.7 2.5 0.2 0.7
CCl (%)*
0 33.3 31.8 0.0 0.0
12 27.6 30.2 20.9 22.3
3-4 16.4 17.6 21.4 19.3
>5 22.7 20.4 57.7 58.4
Symptoms (%)
Fever 25.6 41.2 27.9 44.6
Cold 12.8 13.8 8.5 13.4
Chills 1.4 2.9 1.3 2.6
Myalgia 1.3 2.0 1.0 1.3
Cough 19.2 26.1 14.1 19.3
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TABLE 1. Continued

No Cirrhosis

IOANNOU, LIANG, ET AL.

Cirrhosis

SARS-CoV-2-Negative  SARS-CoV-2-Positive

SARS-CoV-2-Negative SARS-CoV-2-Positive

C0-SO,n=75,315 C0-S1,n=9,826 C1-S0,n = 3,301 C1-S1,n =305
Dyspnea 18.3 18.7 23.1 21.3
Sore throat 1.8 1.1 0.8 1
Nausea 3.8 3.2 5.4 4.6
Headache 3.2 3.4 2.5 3
Diarrhea 4.5 53 5.7 7.2
Abdominal pain 4.6 2.7 9.2 3.6
Fatigue 7.6 8.8 1.1 12.5
Laboratory tests’ (mean = SD)
MELD N/A N/A 156271 14.0£6.1
Albumin (g/dL) 3.7+0.7 35+0.6 3.3+08 3.3+08
ALT (ULL) 38.6+120.8 39.4+720 43.4 +86.6 429+71.9
AST (U/L) 43.6 +164.1 50.6 + 64.3 64.2+£122.5 67.0+89.6
Bilirubin (g/dL) 08+1.3 0.7+0.8 20+3.8 11+24
Creatinine (mg/dL) 1.5+£15 1.8+£19 1.8+20 22+23
Platelet count (k/uL) 239.1+101.7 208.1+87.4 169.0 £ 98.9 1569.7 + 86.6
Hemoglobin (g/dL) 128+25 13.1£22 11.8+27 12427
INR 1.3£1.1 1.3+£0.7 1.5+£1.2 1.3£0.6
White blood cell count (/uL) 9.8+5.0 7140 85+50 65+38
Neutrophil count (/uL) 7.3+5.1 52+3.6 63+4.7 4.7 +3.1
Lymphocyte count (/uL) 20+3.4 1.6£35 2041 20£57
Neutrophil/lymphocyte ratio 7.2+£127 62+6.3 7.0£90 6.6+83

*Categorized by number of COVID-19-related deaths per million on June 11,2020 (33): <130 (AK, AR, CA, HI, ID, KS, KY, ME, MT,
NC,ND, NE, OK, OR, PR, SC, SD, TN, TX, UT, VT, WI, WV, WY), 130-350 (AL, AZ, CO, FL, GA, IA, MN, MO, MS, NH, NM,
NV, OH, VA, WA), 350-700 (DE, IL, IN, LA, MD, MI, PA), > 700 (CT, MA, NJ, NY, RI).

"Measured —10/+5 days from index date in hospitalized patients only.

Defined by diagnosis of ascites, spontaneous bacterial peritonitis, hepatorenal syndrome, hepatopulmonary syndrome, encephalopathy or

variceal bleeding prior to SARS-CoV-2 infection.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; INR, international normalized

ratio; N/A, not available.

This group was racially (47.2% White and 46.2%
Black) and ethnically (10.2% Hispanic) diverse and
represented almost every state in the country (Fig.
1A). The most common presenting symptoms were
fever (44.6%), dyspnea (21.3%), and cough (19.3%,
Table 1).

ASSOCIATION BETWEEN
CIRRHOSIS AND THE
LIKELIHOOD OF TESTING
POSITIVE FOR SARS-CoV-2 IN THE
VA HEALTH CARE SYSTEM

Patients with cirrhosis were less likely to test posi-
tive for SARS-CoV-2 than patients without cirrhosis
(8.5% versus 11.5%), even after adjusting for sociode-
mographic characteristics and comorbidities (adjusted

odds ratio, 0.83; 95% CI, 0.69-0.99; Table 2). The
association was no longer statistically significant
after additionally adjusting for presenting symptoms,

although the risk estimate only changed minimally
(adjusted odds ratio, 0.85; 95% CI, 0.70-1.01).

HOSPITALIZATION, MECHANICAL
VENTILATION, AND MORTALITY
RATES BY CIRRHOSIS AND
SARS-CoV-2 STATUS

Mechanical ventilation rates increased substan-
tially and progressively from CO0-S0 (1.6%) to C1-
SO (3.6%) to CO-S1 (6.5%) to C1-S1 (13.0%;
Table 3 and Fig. 1B,C). The same pattern was also
seen with mortality, increasing progressively from

C0-S0 (2.3%) to C1-S0 (5.2%) to CO0-S1 (10.6%)

327



IOANNOU, LIANG, ET AL. HEPATOLOGY, July2021

Percent positive
° -
I
2
S o
Total number of patients tested
om () e
0w () om
O o O o0
N Qam () mo
IO
B o
Q -
-
o
w_ -l
o
Pl
Z 9
Qo
s 9
Qo o
o
<4
o
2 g
s S
%]
~ No cirrhosis/Negative
o . . .
No cirrhosis/Positive
Cirrhosis/Negative
S | Cirrhosis/Positive
O. T T T T T T T
0 5 10 15 20 25 30
Days from index date
c 30-day incid of adverse by cirrhosis and SARS-CoV-2 status
60 1
50 [ Cirrhosis - / SARS-CoV-2 -
ECirrhosis - / SARS-CoV-2 +
40
Cirrhosis +/ SARS-CoV-2 -
% 30 mCirrhosis + / SARS-CoV-2 +
20
10
- - |
0

Hospitalization Mechanical Ventilation Mortality

FIG. 1. Distribution of VA patients tested for SARS-CoV-2 and adverse outcomes according to cirrhosis and SARS-CoV-2 status. (A)
Number of VA patients tested in each state and percent of tests positive. (B) Kaplan-Meier curves of 30-day mortality by cirrhosis and
SARS-CoV-2 status. (C) Thirty-day cumulative incidence of hospitalization, mechanical ventilation, and death by cirrhosis and SARS-
CoV-2 status.

to C1-S1 (17.1%). On the other hand, hospitaliza- SARS-CoV-2 status. Similarly, among patients with
tion rates were consistently higher for patients with cirrhosis, mechanical ventilation and mortality were
cirrhosis than those without cirrhosis, regardless of —higher in individuals with SAR-CoV-2, whereas
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TABLE 2. Association Between Cirrhosis and SARS-CoV-2 Test Positivity

SARS-CoV-2-Negative, ~ SARS-CoV-2-Positive, Proportion Who Adjusted Odds  Adjusted Odds
Cirrhosis n=78,630 (n, %) n=10,215 (n, %) Tested Positive (%)  Crude Odds Ratio Ratio* Ratio®
No 75,315 (95.8) 9,826 (97.0) 11.5 1 1 1
Yes 3,301 (4.2) 305 (3.0) 8.5 0.71 (0.63-0.80) 0.83 0.85
(0.69-0.99) (0.70-1.01)

*Adjusted for all the sociodemographic characteristics and comorbidities shown in Table 1.
JrAdjusted for all the sociodemographic characteristics, comorbidities, and symptoms shown in Table 1.

hospitalization was higher in those with decompen-
sated cirrhosis (Table 3). There was no evidence of
statistically significant interaction between cirrho-
sis and SARS-CoV-2 status with respect to any of
these three adverse outcomes. Analyses with death
as a competing risk to hospitalization or ventilation

yielded almost identical results (Supporting Table S3)

ASSOCIATIONS BETWEEN
SARS-CoV-2 INFECTION AND
ADVERSE OUTCOMES IN
PATIENTS WITH CIRRHOSIS

Among patients with cirrhosis, those who tested
positive for SARS-CoV-2 were 4 times more likely to
undergo mechanical ventilation (adjusted hazard ratio
[aHR], 4.12;95% CI, 2.79-6.10; Table 4) and 3.5 times
more likely to die (aHR, 3.54; 95% CI, 2.55-4.90)
than those who tested negative. Rates of hospitaliza-
tion were not significantly different between patients
with cirrhosis who tested positive versus negative for
SARS-CoV-2. In the subset of patients with cirrhosis
who were hospitalized, the magnitude of association
between SARS-CoV-2 infection and either mechan-
ical ventilation (aHR, 4.43; 95% CI, 2.89-6.79) or
mortality (aHR, 3.23; 95% CI, 2.14-4.88) was similar.

ASSOCIATIONS BETWEEN
CIRRHOSIS AND ADVERSE
OUTCOMES IN PATIENTS WITH
SARS-CoV-2 INFECTION

Among patients with SARS-CoV-2 infection,
those who had cirrhosis were more likely than patients
without cirrhosis to be hospitalized (aHR, 1.37; 95%
CI, 1.12-1.66), to be mechanically ventilated (aHR,
1.61; 95% CI, 1.05-2.46), and to die (aHR, 1.65; 95%
CI, 1.18-2.30, Table 5). In the subset of patients with
SARS-CoV-2 who were hospitalized, no significant

association was observed between presence of cir-
rhosis and either mechanical ventilation (aHR, 1.28;
95% CI, 0.82-2.01) or mortality (aHR, 1.33; 95% CI,
0.87-2.01).

PREDICTORS OF MORTALITY IN
CIRRHOSIS PATIENTS WITH
SARS-CoV-2 INFECTION

Among 305 patients with cirrhosis and SARS-
CoV-2 infection, 55 (18%) died within 30 days and
142 were hospitalized. Independent predictors of mor-
tality included decompensated cirrhosis, female sex,
older age, and, among hospitalized patients, MELD
score > 12 (Table 6).

Discussion

In this cohort of 88,747 US veterans (including
3,606 with cirrhosis) who were tested for SARS-
CoV-2, patients with cirrhosis were less likely to
test positive for SARS-CoV-2 than those without
cirrhosis. Mortality and mechanical ventilation rates
increased progressively from those without cirrho-
sis or SARS-CoV-2 to those with cirrhosis alone to
those with SARS-CoV-2 alone to those with both
conditions. Among patients with cirrhosis, those
who tested positive for SARS-CoV-2 were 4 times
more likely to undergo mechanical ventilation and
3.5 times more likely to die than those who tested
negative. Among patients with SARS-CoV-2 infec-
tion, those with cirrhosis were more likely to be
hospitalized, to be mechanically ventilated, and to
die than patients without cirrhosis. In patients with
cirrhosis and SARS-CoV-2 infection, the most
important predictors of mortality were advanced
age, baseline decompensated cirrhosis, and a high

MELD score.
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An international, voluntary registry study
reported even higher mortality rates in SARS-
CoV-2-infected patients with cirrhosis, ranging
from 24% for Child-Pugh class A to 63% for class
C.%" However, the lack of a control group as well as
reporting and selection bias limit the interpretability
of this study. Our results differ substantially from
a recent study which reported that, among hospi-
talized patients with cirrhosis, those with SARS-
CoV-2 infection did not have significantly higher
mortality that those without infection.”® That
study, which included a smaller number of patients
with cirrhosis and SARS-CoV-2 (n = 37) at seven
tertiary referral centers and may have been under-
powered, reported a much higher mortality rate for
both the cirrhosis-only (20%) and the cirrhosis and
SARS-CoV-2 (30%) groups than what we observed.
The study likely attenuated the difference between
infected and uninfected individuals by limiting the
analysis to hospitalized patients. Our analysis of a
much larger cohort within a national health care
system found 3.5-fold higher mortality in patients
with cirrhosis who tested positive (17.1%) versus
negative (5.2%) for SARS-CoV-2 after adjusting
for potential confounders (aHR, 3.54; 95% CI,
2.55-4.90). The association between SARS-CoV-2
infection and mortality among patients with cirrho-
sis was only slightly attenuated in the subset of hos-
pitalized patients (aHR, 3.23; 95% CI, 2.14-4.88).
Even after additional adjustment for MELD score
and serum albumin, which reflect liver dysfunction,
SARS-CoV-2 infection was associated with sig-
nificantly higher mortality in patients with cirrho-
sis (aHR, 2.83; 95% CI, 1.78-4.59). The positive
association between SARS-CoV-2 infection and
mechanical ventilation (aHR, 4.12; 95% CI, 2.79-
6.10) in patients with cirrhosis suggests that severe
pneumonia, acute respiratory distress syndrome, and

305

Cirrhosis
SARS-CoV-2-Positive C1-S1
53.4 (47.9-59.1)
n=92
60.0 (50.1-70.0)

n
17.1 (13.3-21.8)

49.6 (43.9-55.6)
13.0 (9.6-17.4)
Decompensated Cirrhosis
SARS-CoV-2-Positive
55.6 (45.3-66.5)

14.2 (8.3-23.7)
27.3(19.2-37.9)

Cirrhosis
SARS-CoV-2-Negative C1-SO
n=3,301
58.1 (56.4-59.8)

51.9 (50.1-53.7)

3.6 (3.0-4.3)

5.2 (4.5-6.0)
Decompensated Cirrhosis
SARS-CoV-2-Negative
n=1,167
69.3 (66.6-71.9)

62.8 (59.8-65.9)

5.5 (4.3-7.0)

8.2 (6.8-10.0)

213
50.5 (44.0-57.4)

n=29._826
n

No Cirrhosis
SARS-CoV-2-Positive CO-S1
33.7 (32.7-34.6)
29.8 (28.9-30.8)
6.5(6.1-7.0)

10.6 (10.0-11.2)
Compensated Cirrhosis
SARS-CoV-2-Positive
47.0 (40.3-54.2)
12.5(8.7-17.8)
12.8 (9.0-18.1)

=2,134
52.0 (49.9-54.1)

n=75315
n

No Cirrhosis
SARS-CoV-2-Negative CO-SO
33.4(33.1-33.7)
28.3 (28.0-28.7)

1.6 (1.5-1.7)
2.3(2.1-2.4)
Compensated Cirrhosis
SARS-CoV-2-Negative
46.4 (44.2-48.7)

2.5 (2.0-3.3)

3.6 (2.9-4.4)

respiratory failure were the causes of excess mortal-
ity. These results demonstrate the grave, additional
risks of SARS-CoV-2 infection in patients with
cirrhosis.

We found that among all patients who tested pos-
itive for SARS-CoV-2, the presence of cirrhosis was
an independent, significant risk factor for hospital-
ization (aHR, 1.37; 95% CI, 1.12-1.66), mechani-
cal ventilation (aHR, 1.61; 95% CI, 1.05-2.46), and
mortality (aHR, 1.65; 95% CI, 1.18-2.30). However,
among the subset of SARS-CoV-2-positive patients

ays I'CpOl‘th as a percentage.

TABLE 3. Cumulative Incidence of Hospitalization, Mechanical Ventilation, and Mortality by Cirrhosis and SARS-CoV-2 Status*
Limited to hospitalization occurring on or after SARS-CoV-2 testing date.

Rates of

*Cumulative incidence at 30 d:

30-Day Cumulative Incidence
i

30-Day Cumulative Incidence

Rates of
Mechanical ventilation (%)

Mortality (%)
Mechanical ventilation (%)

Hospitalization (%)
Mortality (%)

Hospitalization (%)
Hospitalization (%)
Hospitalization (%)
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TABLE 4. Association Between SARS-CoV-2 Infection and Risk of Hospitalization, Mechanical Ventilation, and Mortality in

Patients With Cirrhosis
30-Day Event

SARS-CoV-2 n (%) Event, n (%) Rate (%) Age aHR Multivariable aHR*  Multivariable aHR"
Hospitalization

Negative 3,301 (91.5) 1,986 (60.2) 58.1 1 1 N/A

Positive 305 (8.5) 167 (54.8) 53.4 0.89 (0.76-1.04) 0.98 (0.83-1.15) N/A
Hospitalization (occurring on or after the SARS-CoV-2 testing date)

Negative 2,875 (91.1) 1,560 (54.3) 51.9 1 1 N/A

Positive 282 (8.9) 144 (51.1) 49.6 0.93(0.78-1.10) 1.03 (0.86-1.23) N/A
Mechanical ventilation (all patients)

Negative 3,301 (91.5) 128 (3.9) 3.6 1 1 N/A

Positive 305 (8.5) 38 (12.5) 13.0 3.5 (2.4-5.0) 4.12 (2.79-6.10) N/A
Mortality (all patients)

Negative 3,301 (91.5) 196 (5.9) 5.2 1 1 N/A

Positive 305 (8.5) 55 (18.0) 17.1 3.3 (2.4-4.4) 3.54 (2.55-4.90) N/A
Mechanical ventilation (hospitalized patients)

Negative 1,613 (91.9) 109 (6.8) 6.3 1 1 1

Positive 142 (8.1) 35(24.6) 259 4.24 (2.89-6.23) 4.43 (2.89-6.79) 5.09 (3.11-8.33)
Mortality (hospitalized patients)

Negative 1,613 (91.9) 144 (8.9) 8.2 1 1 1

Positive 142 (8.1) 35(24.6) 24.8 3.12 (2.15-4.52) 3.23(2.14-4.88) 2.83 (1.78-4.59)

*Adjusted for cirrhosis etiology, compensated/decompensated cirrhosis, age, sex, race, ethnicity, CCI, and geographical region.
Adjusted for MELD score and serum albumin in addition to the characteristics above.

TABLE 5. Association Between Cirrhosis and Risk of Hospitalization, Mechanical Ventilation, and Mortality in Patients With
SARS-CoV-2 Infection

30-Day Event

Cirrhosis Status n (%) Event, n (%) Rate (%) Age aHR Multivariable aHR*  Multivariable aHR"
Hospitalization

No cirrhosis 9,826 (97.0) 3,340 (34.0) 33.7 1 1 N/A

Cirrhosis 305 (3.0) 167 (54.8) 53.4 1.55(1.33-1.81) 1.37 (1.12-1.66) N/A
Hospitalization (occurring on or after the SARS-CoV-2 testing date)

No cirrhosis 9,291 (97.1) 2,805 (30.2) 29.8 1 1 N/A

Cirrhosis 282 (2.9) 144 (51.1) 49.6 1.64 (1.38-1.94) 1.48 (1.20-1.84) N/A
Mechanical ventilation (all patients)

No cirrhosis 9,826 (97.0) 638 (6.5) 6.5 1 1 N/A

Cirrhosis 305 (3.0) 38(12.5) 13.0 1.65 (1.19-2.30) 1.61 (1.05-2.46) N/A
Mortality (all patients)

No cirrhosis 9,826 (97.0) 1,043 (10.6) 10.6 1 1 N/A

Cirrhosis 305 (3.0) 55 (18.0) 17.1 1.70 (1.30-2.24) 1.65 (1.18-2.30) N/A
Mechanical ventilation (hospitalized patients)

No cirrhosis 2,763 (95.1) 572 (20.7) 20.9 1 1 1

Cirrhosis 142 (4.9) 35 (24.6) 25.9 1.15(0.81-1.61) 1.28 (0.82-2.01) 1.27 (0.79-2.05)
Mortality (hospitalized patients)

No cirrhosis 2,763 (95.1) 582 (21.1) 21.1 1 1 1

Cirrhosis 142 (4.9) 35 (24.6) 24.8 1.27 (0.90-1.79) 1.33 (0.87-2.01) 1.28 (0.81-2.01)

*Adjusted for cirrhosis etiology, age, sex, race, ethnicity, CCI, diabetes, cancer, hypertension, congestive heart failure, dialysis, chronic kid-
ney disease, chronic obstructive pulmonary disease, and geographical region.
Adjusted for MELD score and serum albumin in addition to the characteristics above.
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TABLE 6. Predictors of Mortality Among Patients With Cirrhosis and SARS-CoV-2 Infection

n (%) 30-Day Mortality (%) Hazard Ratio aHR*

Cirrhosis etiology

No HCV 161 (52.8) 20.4 1 1

Past HCV 126 (41.3) 15.3 0.71 (0.41-1.24) 0.79 (0.41-1.52)

Current HCV 18 (5.9) 0 N/A N/A
Cirrhosis decompensation prior fo SARS-CoV-2*

No 213 (69.8) 12.8 1 1

Yes 92 (30.2) 27.3 2.01(1.18-3.42) 2.02 (1.11-3.69)
Sex

Men 296 (97.0) 16.5 1 1

Women 9(3.0) 37.5 2.10 (0.66-6.73) 4.42 (1.21-16.14)
Age (years)

18-49 12 (3.9) 0 N/A N/A

50-64 98 (32.1) 11.3 1 1

65-79 172 (56.4) 19.2 1.76 (0.91-3.41) 1.97 (0.98-3.95)

>80 23 (7.5) 34.8 3.69 (1.56-8.77) 3.22 (1.29-8.05)
Race

White 144 (47.2) 15.4 1 1

Black 141 (46.2) 18.9 1.18 (0.67-2.06) 1.36 (0.73-2.55)

Other 5(1.6) 20 1.22 (0.16-9.00) 1.13 (0.14-8.94)

Missing/unknown 15 (4.9) 15.4 2.24 (0.85-5.89) 3.16 (0.94-10.69)
Ethnicity

Non-Hispanic 270 (88.5) 16.6 1 1

Hispanic 31(10.2) 23.3 1.31 (0.59-2.90) 1.20 (0.46-3.09)

Missing/unknown 4(1.3) 0 1.34 (0.18-9.71) 0.63 (0.06-6.49)
Geographical region: COVID-19-related deaths per

million

<130 47 (15.4) 11.6 1 1

130-350 72 (23.6) 22.5 2.04 (0.75-5.57) 2.13(0.76-5.97)

350-700 78 (25.6) 14.1 1.43 (0.51-4.02) 1.59 (0.54-4.67)

>700 108 (35.4) 17.8 1.74 (0.66-4.61) 1.95(0.70-5.42)
BMI at index date

<18.5 (underweight) 11 (3.6) 10 0.36 (0.05-2.70) 0.33 (0.04-2.63)

18.5-24.9 (normal) 79 (25.9) 20.9 1 1

25.29.9 (overweight) 86 (28.2) 14.2 0.57 (0.28-1.18) 0.64 (0.30-1.38)

30-34.9 (obese I) 59 (19.3) 17.2 0.70 (0.32-1.50) 0.74 (0.32-1.68)

>35 (obese Il and IIl) 68 (22.3) 17.9 0.79 (0.39-1.61) 0.75 (0.36-1.59)

Missing 2(0.7) 0 N/A N/A
Cccl

1-2 68 (22.3) 11.8 1 1

3-4 59 (19.3) 15.5 1.30(0.53-3.19) 1.02 (0.40-2.58)

>5 178 (58.4) 19.7 1.64 (0.79-3.40) 1.07 (0.49-2.32)
MELD score’

<12 42 (29.6) 14.3 1 1

212 61 (43.0) 34.4 2.45 (1.04-5.76) 2.82 (1.09-7.31)

Missing 39 (27.5) 20.3 1.38 (0.48-3.93) 1.63 (0.52-5.14)
Albumin (g/dL)

>3.3 64 (45.1) 17.2 1 1

<3.3 63 (44.4) 34.9 2.45(1.21-4.96) 1.95 (0.87-4.38)
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TABLE 6. Continued

n (%)

30-Day Mortality (%)

Hazard Ratio aHR*

Missing 15 (10.6)

8.3 0.58 (0.08-4.47) 0.43 (0.05-3.78)

*Adjusted for cirrhosis etiology, compensated/decompensated cirrhosis, age, sex, race, ethnicity, Charlson comorbidity index, geographical

region.

JrAnalysis of MELD score and albumin was limited to hospitalized patients.
*Defined by diagnosis of ascites, spontaneous bacterial peritonitis, hepatorenal syndrome, hepatopulmonary syndrome, encephalopathy or

variceal bleeding prior to SARS-CoV-2 infection.
Abbreviations: BMI, body mass index; N/A, not available.

who were sick enough to require hospitalization,
the presence of cirrhosis was not associated with
significantly higher mortality or risk of mechanical
ventilation. This suggests that when SARS-CoV-2
infection causes severe enough disease to require
hospitalization, factors other than cirrhosis are the
main drivers of mortality.

Among 305 patients with cirrhosis and SARS-
CoV-2 infection, 30-day mortality was 17.1% (95%
CI, 13.3-21.8). Our results suggest that the main risk
factors for mortality in these patients are advanced age
and liver dysfunction (i.e., decompensation and high
MELD). In fact, patients with decompensated cirrho-
sis had twice the risk of mortality compared to those
with compensated cirrhosis (aHR, 2.02; 95% CI,
1.11-3.69). Therefore, clinicians should be especially
vigilant when caring for patients with cirrhosis who
are elderly or have a history of decompensated cirrho-
sis because they have the highest risk for mortality.
Although we found that female sex was significantly
associated with mortality among patients with cirrho-
sis and SARS-CoV-2, meaningful interpretation is
precluded by the small sample size of women. Other
factors such as comorbidity burden, obesity, race, eth-
nicity, and etiology of cirrhosis (HCV versus other)
did not appear to be associated with mortality. While
it is reassuring that Black and Hispanic patients were
not at increased risk of mortality in our study, we did
observe that Black patients with cirrhosis were more
likely to test positive for SARS-CoV-2. This is in
agreement with our recent publication that identi-
fied Black race as a strong, independent risk factor for
testing positive for SARS-CoV-2.69

We also found that patients with cirrhosis were
less likely to test positive for SARS-CoV-2 infection.
Because there is no plausible biological mechanism to
suggest that cirrhosis protects against SARS-CoV-2,
this likely reflects differences in health behavior. As

individuals with a chronic illness, patients with cir-
rhosis may be more concerned about SARS-CoV-2
and consequently more likely to practice preventive
measures such as physical distancing, handwashing,
and self-quarantine. It is also possible that asymp-
tomatic patients with cirrhosis were being routinely
tested prior to medical procedures, which would effec-
tively decrease the test positivity rate. However, when
we adjusted for symptoms in addition to sociodemo-
graphic characteristics and comorbidities to account
for this potential bias, the association between cirrho-
sis and test positivity was only minimally attenuated.

The strengths of our study include its national scope,
large number of patients, relatively long follow-up
for the three most clinically relevant outcomes, and
analysis of a variety of potential risk factors. However,
several limitations should be acknowledged. Findings
from our predominantly male veteran population
may not be generalizable to other populations and
groups, especially women. Our results are also limited
by the use of ICD-10 codes for the determination of
comorbid conditions. However, the majority of these
ICD-10-based definitions have been widely used and
validated in VA studies. Natural language processing
plus ICD-10 codes were used for the definition of
SARS-CoV-2 symptoms, although the performance
characteristics of these definitions is not known yet.
Our data capture an early period of the pandemic, and
with improvements in clinical management the over-
all mortality rates and magnitude of association with
risk factors may have changed. We captured deaths
that occurred both within and outside the VA; how-
ever, hospitalizations or mechanical ventilations that
occurred outside the VA and were not paid for by the
VA were not captured. Finally, our results may reflect
institutional policies and practices related to test-
ing that might not be generalizable to other health
systems.
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In conclusion, our national VA study found that
among patients with cirrhosis, SARS-CoV-2 infec-
tion was associated with a 3.5-fold increased risk of
30-day mortality. Among patients with SARS-CoV-2,
cirrhosis was associated with a 1.7-fold increased risk
of mortality. Patients with cirrhosis should strictly
adhere to recommended preventive measures against
SARS-CoV-2 infection. Clinicians should carefully
weigh the risks and benefits of in-person encounters
or procedures in this high-risk group, and they should
recognize that cirrhosis is a negative prognostic factor

in SARS-CoV-2 infection.
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