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During the global coronavirus disease 2019 (COVID-19) pandemic, patients with pre-existing
chronic liver disease may represent a vulnerable population. We studied the etiology-based
temporal trends in mortality of chronic liver disease and the underlying cause of death in
the United States before and during the COVID-19 pandemic.
METHODS:
 Population-based analyses were performed on United States national mortality records (2017–
2020). Temporal trends in quarterly age-standardized mortality were obtained by joinpoint
analysis with estimates of quarterly percentage change (QPC).
RESULTS:
 Quarterly age-standardized all-cause mortality due to alcohol-related liver disease (ALD)
initially increased at a quarterly rate of 1.1% before the COVID-19 pandemic, followed by a
sharp increase during the COVID-19 pandemic at a quarterly rate of 11.2%. Likewise, steady
increase in mortality of nonalcoholic fatty liver disease before the COVID-19 pandemic (QPC,
1.9%) accelerated during the COVID-19 pandemic (QPC, 6.6%). Although ALD-related mortality
increased steeply compared with viral hepatitis-related mortality during the COVID-19
pandemic, the proportion of mortality due to COVID-19 among individuals with ALD was the
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lowest at 2.5%; more than 50% lower than viral hepatitis. The significant decline in all-cause
mortality due to viral hepatitis before the COVID-19 pandemic plateaued during the COVID-
19 pandemic due to increase in COVID-19-related mortality in individuals with viral hepati-
tis. Mortality due to cirrhosis increased markedly during the COVID-19 pandemic, mainly
attributable to ALD.
CONCLUSION:
 All-cause mortality for ALD and nonalcoholic fatty liver disease rapidly accelerated during the
COVID-19 pandemic compared with the pre-COVID-19 era. There has been a significant decline
in viral hepatitis; however, a significant increase in COVID-related death in this population.
Keywords: Alcohol-related Liver Disease; Hepatitis B Infection; Hepatitis C Virus Infection; Nonalcoholic Fatty Liver Dis-
ease; National Vital Statistic System.
The global prevalence and disease burden of
chronic liver disease has been increasing over the

past 2 decades.1,2 Alcohol-related liver disease (ALD) has
a significant health impact, representing an estimated
3.8% of global mortality.3 In the United States (US),
age-standardized national mortality due to ALD in-
creased from 7.8 per 100,000 persons in 2007 to 10.5
in 2016 largely as a result of ineffective medical treat-
ment and with no advances in therapeutic options.1

Compared with much higher previous estimates, approx-
imately 2 million individuals in the US had current hep-
atitis C virus (HCV) infection during the 2013 through
2018 period attributed mostly to approval and wide
availability of curative treatment.4 Given the high
sustained virological response, easy tolerability, and
favorable safety profile achieved of highly efficacious
direct-acting antiviral (DAA) agents,5 there has been a
significant decline in nationwide HCV-related mortality
after the introduction of DAA agents as compared with
the pre-DAA era in the US.1,6 Mortality from chronic hep-
atitis B virus (HBV) infection has decreased, mainly due
to potent antiviral agents and HBV vaccination. Nonalco-
holic fatty liver disease (NAFLD) has emerged as the
most prevalent liver disease in the US, with an increasing
NAFLD-related US national mortality from 2007 to 2016.1

Because severe acute respiratory syndrome coronavi-
rus 2 was first reported in late 2019, the number of cases
of coronavirus disease 2019 (COVID-19) have now excee-
ded more than 3.5 hundred million worldwide.7 With the
widespread global COVID-19 pandemic, there has been
significant concern that patients with pre-existing chronic
liver disease represent a vulnerable population at higher
risk for infecting COVID-19 and deteriorating from its
complication. Abnormalities in liver chemistries in the
setting of COVID-19 are common, occurring in approxi-
mately 15% to 65% of individuals with COVID-19.8 In
addition to the risk of immune dysregulation and coagul-
opathy among those with advanced liver disease,8 patients
with chronic liver disease often have co-existing comorbid
conditions including cardiovascular diseases, obesity, and
diabetes predisposing them to severe COVID-19 with
higher risk of morbidity and mortality.9-11 Several multi-
center studies have shown that cirrhosis was associated
with higher COVID-19-related morbidity and mortality in
patients with pre-existing chronic liver disease.10-12 During
the early stages of COVID-19 pandemic, the management of
COVID-19 was prioritized and took precedence leading to
collateral damage and delay in the care of patients with
chronic ailments, such as chronic liver disease.8 Although
the etiology of chronic liver disease could influence clinical
outcomes during the COVID-19 pandemic, there were few
studies regarding this topic. Two multi-center studies
determined that ALD was independently associated with
higher mortality among patients with pre-existing liver
disease and COVID-19.11,13 However, the association be-
tween viral hepatitis and COVID-19-related mortality
remained insignificant.11,13 In terms of NAFLD, several
studies regarding the association between NAFLD and
clinical outcomes in COVID-19 have reported conflicting
results.8,11,13,14

A previous study using the provisional National Vital
Statistic System (NVSS) reported a significant national
increase in chronic liver disease and cirrhosis-related
mortality as the underlying cause of death during the
COVID-19 pandemic.15 However, this study was limited
to liver-related, not COVID-19-related, mortality as the
underlying cause of death and did not show mortality
based on the etiology of chronic liver disease.15 There-
fore, a gap exists in our knowledge regarding the
temporal trends in the etiology of chronic liver disease-
related mortality before and during the COVID-19
pandemic. Using the US national mortality database,
this study estimated updated temporal trends in chronic
liver disease-related mortality from 2017 to 2020. This
study aimed to: (1) determine the temporal trends in
mortality for etiology-based chronic liver disease in the
US; and (2) determine trends in the underlying cause of
death according to the etiology of chronic liver disease
before and during the COVID-19 pandemic.
Methods

Study Data

To determine trends in quarterly mortality due to
chronic liver disease from 2017 quarter 1 (Q1) to 2020
Q4 (adults aged �20 years), we utilized a de-identified
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dataset from the NVSS. We described the methods
employed in this study in detail elsewhere.1,16 The
detailed study data is shown in the Supplementary
Methods.
The etiology-based temporal trends in mortality in
individuals with chronic liver disease, a population
vulnerable to the coronavirus disease 2019 (COVID-
19), have not been studied in the United States
before and during the COVID-19 pandemic.

Findings
All-cause mortality for alcohol-related liver disease
and nonalcoholic fatty liver disease, which was
increasing steadily before the COVID-19 pandemic,
increased more rapidly during the COVID-19
pandemic. Mortality in individuals with cirrhosis
increased markedly during the COVID-19 pandemic
due to a significant increase in ALD-related
mortality.

Implications for Patient Care
Definitions of Etiologies of Chronic Liver
Disease

We used International Classification of Diseases,
Tenth Revision (ICD-10) codes to identify etiologies of
chronic liver disease from this dataset.1,16 We defined
individuals with chronic liver disease when chronic liver
disease was listed as the underlying or contributing
cause of death. Among individuals with chronic liver
disease listed on the underlying or contributing cause of
death, we defined COVID-19 deaths as ICD-10 code U07.1
using the underlying cause of death. The detailed defi-
nitions of etiologies of chronic liver disease are shown in
the Supplementary Methods.
Advice on alcohol consumption and a healthy life-
style should be central to the health messages
delivered to patients and the general public during
the COVID-19 pandemic. Nevertheless, the advice
should not be limited during the COVID-19 pandemic
but always be reinforced during the COVID-19
pandemic.
Statistical Analysis

The methods for statistical analysis have been
described in previous publications.1,15,16 To determine
the impact of the COVID-19 pandemic on the mortality
among individuals with chronic liver disease, we calcu-
lated quarterly (3-month period) deaths based on
chronic liver disease. To calculate quarterly age-
standardized mortality, we divided deaths among in-
dividuals with chronic liver disease by the total US
census population. We calculated age-standardized
mortality per 100,000 persons by age group (20–29,
30–39, 40–49, 50–59, 60–69, 70–79, and �80 years),
adjusted to the age distribution of the 2010 US standard
population using the direct method. Baseline de-
mographic characteristics were presented as numbers
with percentages. We utilized the joinpoint regression
program (National Cancer Institute, version 4.9.0.0) to
determine temporal changes during the study period.
This program analyzed a set of the time points at which
the change in the mortality trend is statistically signifi-
cant and calculates the quarter-to-quarter percentage
change in quarterly age-standardized mortality and the
95% confidence interval (CI) during the study period.17

We provided each trend segment by a quarterly per-
centage change (QPC) and the trend for the entire study
period by the average QPC,18 a summary measure of
trend accounting for transitions within each trend
segment and estimates the magnitude of the change.
Results

Patient Characteristics

Among US adults aged � 20 years, we analyzed a total
of 11,750,978 deaths between 2017 and 2020 in this
study. Supplementary Table 1 presents the demographic
characteristics of chronic liver disease-related deaths.
Men were more likely to die from chronic liver disease
than women except for NAFLD-related deaths, which
were relatively higher in women. Individuals with viral
hepatitis and NAFLD had a higher likelihood of death at
age �60 years than those with ALD (63.5% for HCV,
60.4% for HBV, and 69.8% for NAFLD vs 43.6% for ALD).
Although the frequency of non-Hispanic whites was the
highest in all causes of chronic liver disease, non-
Hispanic blacks in viral hepatitis, Hispanics in HCV
infection, NAFLD, and ALD, and non-Hispanic Asians in
HBV infection represented over 10% of deaths in their
respective causes, respectively.

Age-standardized Mortality for Chronic Liver
Disease

As shown in Figure 1, A, the quarterly age-
standardized all-cause mortality (based on the underly-
ing or contributing cause of death) from ALD steadily
increased from 2.63 per 100,000 persons in 2017 Q1 to
2.96 per 100,000 persons in 2019 Q4. However, a sharp
increase was observed during the COVID-19 pandemic
from 2.99 per 100,000 persons in 2020 Q1 to 4.00 per
100,000 persons in 2020 Q4. Using joinpoint analysis
(Table 1), an increase in the quarterly rate of 1.1% (95%
CI, 0.6%–1.6% for 2017 Q1–2020 Q1) was observed
before the COVID-19 pandemic, followed by a sharp



Figure 1.Quarterly age-standardized
mortality rates for chronic liver dis-
ease in the US between 2017 and
2020. A, All-cause mortality; B, un-
derlying cause of death.
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increase in the quarterly rate to 11.2% (95% CI, 6.7%–
15.9% for 2020 Q1–2020 Q4) during the COVID-19
pandemic. Similarly, quarterly age-standardized all-
cause mortality for NAFLD steadily increased before the
COVID-19 pandemic (QPC, 1.9%; 95% CI, 1.2%–2.6% for
2017 Q1–2019 Q4) and rose in an accelerated fashion
during the COVID-19 pandemic (QPC, 6.6%; 95% CI,
3.4%–10.0% for 2019 Q4–2020 Q4). In contrast, quar-
terly age-standardized all-cause mortality for viral hep-
atitis continuously decreased before the COVID-19
pandemic (QPC, �3.2%; 95% CI, �3.7% to �2.6% for
HCV; QPC, �1.5%; 95% CI, �2.5% to �0.4% for HBV)
and remained stable during the COVID-19 pandemic
(Figure 1, A; Table 1).

When we defined chronic liver disease as the un-
derlying cause of death, the results remained essentially
identical (Figure 1, B; Table 1). There was an initial linear
increase in quarterly age-standardized mortality for ALD
with a quarterly rate of 0.9% (95% CI, 0.3%–1.4%)
before the COVID-19 pandemic followed by a marked
increase with a quarterly rate of 10.8% (95% CI, 6.2%–
15.7%) during the COVID-19 pandemic. Quarterly
mortality for HCV infection decreased before the COVID-
19 pandemic (QPC, �4.9%; 95% CI, �5.9% to �3.9%)
and remained stable during the COVID-19 pandemic.
There was a linear increase in NAFLD-related mortality,
whereas mortality for HBV continuously decreased dur-
ing the study period. There was below 1% of COVID-19-
related mortality as the contributing cause of death
among individuals with chronic liver disease as the un-
derlying cause of death. The results remained the same
when we performed sensitivity analysis among in-
dividuals without COVID-19-related death listed on the
death record. Therefore, we assumed that this trend in
mortality was mainly derived from chronic liver disease,
and not from COVID-19.

As shown in Figure 2 and Table 2, quarterly trends
in cirrhosis-related mortality among individuals with
chronic liver disease demonstrated an upward trajec-
tory without significance before the COVID-19
pandemic, followed by an abrupt rise in the trends
during the COVID-19 pandemic (QPC, 8.6%; 95% CI,
4.5%–12.9%). In contrast, trends in non-cirrhotic
chronic liver disease decreased steadily before the
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COVID-19 pandemic (QPC, �1.0%; 95% CI, �1.7%
to �0.3%) and markedly increased during the COVID-
19 pandemic (QPC, 7.0%; 95% CI, 3.5%–10.6%).
Quarterly age-standardized trends in ALD-related
mortality markedly increased during the COVID-19
pandemic compared with the pre-pandemic era,
irrespective of cirrhosis. NAFLD-related quarterly
mortality increased more steeply in the absence of
cirrhosis (QPC, 8.2%; 95% CI, 3.7%–12.9%) than in
the presence of cirrhosis during the COVID-19
pandemic. In terms of HCV infection, trends in quar-
terly mortality were largely identical in the presence
or absence of cirrhosis.
Proportion of the Liver-, Cardiovascular-,
Cancer-, and COVID-19-related Mortality in
Chronic Liver Disease

As shown in Figure 3 and Table 3, trends in the
proportion of liver-related mortality as the underlying
cause of death among individuals with viral hepatitis
decreased with a quarterly decline of �1.1%
to �1.2%, while annual trends in the proportion of
liver-related mortality in ALD declined minimally with
a quarterly decline of �0.2%. Trends in the proportion
of liver-related death as the underlying cause of death
decreased more prominently among individuals with
HCV or NAFLD during the COVID-19 pandemic. As
shown in Supplementary Table 2, the proportion of
COVID-19-related mortality as the underlying cause of
death among individuals with chronic liver disease
was 6.8% for HBV, 5.5% for HCV, 4.1% for NAFLD, and
2.5% for ALD in 2020. Although the number of ALD-
related death steeply increased (7702 in 2020 Q1 to
10,209 in 2020 Q4) compared with viral hepatitis
during the COVID-19 pandemic, the proportion of
COVID-related death among individuals with ALD was
2.5%, more than 50% lower than the proportion
observed for viral hepatitis.

As a benefit in return for a decline in liver-related
deaths, annual trends in the proportion of cardiovas-
cular disease-related deaths among individuals with
HCV increased with a QPC of 0.9%. Trends in the
proportion of liver-related mortality among in-
dividuals with NAFLD decreased with a quarterly
decline of �2.7% (95% CI, �4.8% to �0.5%) during
the COVID-19 pandemic. In contrast, annual trends in
the proportion of non-liver-related mortality in NAFLD
remained stable (QPC, �0.4%; 95% CI, �1.1% to
0.3%) before the COVID-19 pandemic but demon-
strated a marked upturn during the COVID-19
pandemic with a quarterly increase of 4.1% (95% CI,
0.7%–7.5%). Trends in the portion of extrahepatic
cancer-related mortality among individuals with
NAFLD increased steadily, whereas a proportion of
cardiovascular-related mortality decreased during the
same period.



Figure 2.Quarterly age-standardized
mortality rates for chronic liver dis-
ease according to the presence or
absence of cirrhosis in the US be-
tween 2017 and 2020. A, Presence of
cirrhosis; B, absence of cirrhosis.
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Discussion

In this nationally representative population-based
study, we observed changes in mortality trends with
chronic liver disease before and during the COVID-19
pandemic in the US. Due to the widespread availability
of potent and efficacious antiviral agents for viral hepa-
titis, a significant decline in all-cause mortality in pa-
tients with HBV and HCV infections was noted before the
COVID-19 pandemic. However, the improving trends in
mortality for viral hepatitis were negatively impacted by
the rising rates of COVID-19-related death in patients
with viral hepatitis during the COVID-19 pandemic. All-
cause mortality for ALD and NAFLD, which was
increasing steadily before the COVID-19 pandemic,
increased more rapidly during the COVID-19 pandemic.
Mortality due to cirrhosis increased markedly during the
COVID-19 pandemic as a result of a significant increase
in ALD-related mortality.

A recent study based on the provisional NVSS data
showed a significant increase in chronic liver disease and
cirrhosis-related mortality as the underlying cause of
death during the COVID-19 pandemic in the US.15 In fact,
it was noted that the etiology of liver disease was able to
influence mortality before and during the COVID-19. In
this study, we noted that the proportion of COVID-19-
related mortality as the underlying cause of death
among individuals with chronic liver disease was 6.8%
for HBV, 5.5% for HCV, and 4.1% for NAFLD. Although
there was a steep rise in mortality due to ALD during the
COVID-19 pandemic, the proportion of COVID-related
death among individuals with ALD was only 2.5%, less
than one-half the proportion observed for viral hepatitis.
In addition, the proportion of liver-related mortality
among individuals with ALD remained relatively stable
compared with those with HCV infection or NAFLD, with
a quarterly decreasing rate of �2.7% during the COVID-
19 pandemic. A study from the United Kingdom showed
that the proportion of hospitalizations for patients who
were critically ill patient with ALD, but without COVID-
19, and referrals for ALD more than doubled during
the COVID-19 pandemic compared with the pre-COVID-
19 pandemic period.19 Two multi-center studies re-
ported that ALD was an independent predictor of
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morbidity and mortality during the COVID-19
pandemic.11,13 During the COVID-19 pandemic, ALD
has become the leading indication for liver transplant
listing and the most rapidly growing etiology for liver
transplantation in the US.20 These findings demon-
strate that patients with ALD are the most severely
impacted sub-cohort of chronic liver disease during
the COVID-19 pandemic.21 The reasons for this
vulnerability include a higher risk of severe COVID-19
due to a disrupted immune system and high-risk
comorbidities.20 The limited availability of regular in-
person outpatient clinic visits with providers during
the lockdown and social isolation leading to the up-
trend in mental health crisis with the surge in harmful
drinking and relapse alongside barriers to link with
rehabilitation services may have contributed to the
sharp rise in mortality due to ALD, not COVID-19,
during the COVID-19 pandemic.20 Even before the
pandemic, the burden of ALD was large and steadily
increasing in the US.1 Our study highlights the detri-
mental impact COVID-19 pandemic on ALD-related
outcomes. Advice to refrain from alcohol consump-
tion should be central to the health messages deliv-
ered to patients and the general public. Nevertheless,
the advice should not be limited during the Covid-19
pandemic, but always, reinforced during Covid-19
pandemic.

Advancing age, obesity, and diabetes are well-
known risk factors for COVID-19-related morbidity
and mortality.8 In addition, the pandemic has culti-
vated unhealthy lifestyles, further predisposing to
NAFLD, the most rapidly increasing indication for liver
transplantation in the US.22 An Italian study showed
that individuals who were obese gained an average of
1.5 kg in weight in parallel with reduced physical ac-
tivity and excess calorie intake during the COVID-19
pandemic.23 We noted that proportion of non-liver-
related mortality for NAFLD, which may be mainly
driven by the comorbid illnesses, increased more
rapidly during the COVID-19 pandemic. Notably, the
acceleration in NAFLD-related mortality during the
COVID-19 pandemic was confined to individuals
without cirrhosis alongside increasing non-liver-
related mortality; the proportion of liver-related
death was 42% in individuals with NAFLD in the
absence of cirrhosis vs 74% in NAFLD-related
cirrhosis. The limited availability of regular in-person
outpatient clinic visits for the management of comor-
bid illnesses and the propagated unhealthy lifestyles
including alcohol consumption during the lockdown
may have contributed to the marked rise in non-liver-
related mortality in individuals with NAFLD.

Although we noted increasing trends in the quar-
terly mortality for cirrhosis with marginal significance
before the COVID-19 pandemic, these trends increased
even more rapidly with an average QPC increase of
8.6% during the COVID-19 pandemic. Several multi-
center studies determined that cirrhosis was



Figure 3.Quarterly trends in cause-specific underlying cause of death among individuals with chronic liver disease. A, HCV
infection; B, ALD; C, NAFLD; D, HBV infection. CVD, Cardiovascular disease.
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associated with morbidity and mortality in patients with
pre-existing chronic liver disease and COVID-19.10,11

Patients with cirrhosis have several postulated mecha-
nisms of immune disruption that can lead to increased
susceptibility to infection and an atypical inflammatory
response during infection collectively described as
cirrhosis-associated immune dysfunction.8 COVID-19
infection in the setting of compensated cirrhosis may
trigger or precipitate sudden hepatic decompensation,
which is a strong predictor of liver-related death.24 In
addition, delivery of standard-of-care including routine
in-person clinic visits, screening and surveillance of
hepatocellular carcinoma, and evaluation for liver
transplantation, were negatively impacted during the
COVID-19 pandemic and related lockdown.24

The recent approval and wide use of DAA agents have
favorably impacted outcomes in all HCV-related chronic
liver disease stages.25 In a previous study, we reported a
significant reduction in HCV-related mortality following
the introduction of DAA agents through 2016 in the US,1

and the current study shows a more gap in mortality due
to between ALD and HCV during the COVID-19
pandemic. Although liver-related death in HCV popula-
tion declined probably due to the observed benefits of
sustained virological response, the higher proportion of
COVID-19-related mortality in viral hepatitis may have
masked the benefits of antiviral therapy during the
COVID-19 pandemic. Marked reduction in liver-related
death in individuals with viral hepatitis may increase
the life expectancy but increase the risk of these in-
dividuals for developing extrahepatic manifestations,
such as cardiovascular disease and COVID-19 infection.
The strengths and limitations of our study are shown
in the Supplementary Discussion section.
Conclusion

In conclusion, all-cause mortality for ALD and NAFLD
has increased and has demonstrated a steep rise during
the COVID-19 pandemic. In addition, mortality due to
cirrhosis increased markedly during the COVID-19
pandemic, predominantly from ALD-related death.
Since the introduction of DAA agents for HCV infection
and potent antiviral agents for HBV infection, there has
been a significant decline in viral hepatitis-related all-
cause mortality before the COVID-19 pandemic; howev-
er, a rise in the rates of COVID-19-related deaths during
the COVID-19 pandemic may have attenuated the sur-
vival benefits of antiviral agents. Our findings using the
US national dataset are substantial and may provide
early insight into the intricacies impacting the mortality
of chronic liver disease during the COVID-19 pandemic.
We identified influenced mortality in our etiology-based
analysis of chronic liver disease immediately prior to and
during the COVID-19 pandemic.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2022.05.045.

http://www.cghjournal.org
https://doi.org/10.1016/j.cgh.2022.05.045


Table 3. The Proportion of Cause-specific Mortality Among Individuals With Chronic Liver Disease and QPC Among US Adults �20 Years in 2017–2020

Proportion, % Average QPC (95% CI) Trend segment 1 Trend segment 2

2017 Q1 2019 Q4 2020 Q4 2007–2017 Year QPC (95% CI) Year QPC (95% CI)

Cause-specific death among individuals with ALD

Liver disease 82.0 81.6 79.2 �0.2 (�0.3 to �0.1)a

Cardiovascular disease 5.3 5.4 4.2 �0.5 (�1.2 to 0.3)

Cancer 2.0 2.3 1.9 0.1 (�1.5 to 1.9) 2017 Q1–2019 Q4 1.8 (0.5 to 3.1)a 2019 Q4–2020 Q4 �4.3 (�10.0 to 1.8)

COVID-19 0.1 (2020 Q1) 4.4

Cause-specific death among Individuals with HCV

Liver disease 60.6 58.7 52.9 �1.1 (�1.9 to �0.4)a 2017 Q1–2019 Q3 �0.3 (�1.1 to 0.4) 2019 Q3–2020 Q4 �2.7 (�4.6 to �0.6)a

Cardiovascular disease 10.3 9.8 11.6 0.9 (0.3–1.5)a

Cancer 9.5 11.3 9.3 0.1 (�0.8 to 0.9)

COVID-19 0.4 (2020 Q1) 7.7

Cause-specific death among Individuals with NAFLD

Liver disease 60.4 63.2 57.0 �0.5 (�1.1 to 0.1) 2017 Q1–2019 Q4 0.3 (�0.2 to 0.7) 2019 Q4–2020 Q4 �2.7 (�4.8 to �0.5)a

Cardiovascular disease 15.1 12.8 12.7 �1.2 (�2.0 to �0.4)a

Cancer 2.7 3.4 3.0 2.3 (0.5–4.1)a

COVID-19 0.4 (2020 Q1) 7.0

Cause-specific death among Individuals with HBV

Liver disease 63.4 57.7 52.4 �1.2 (�1.6 to �0.7)b

Cardiovascular disease 6.6 10.2 8.8 0.7 (�1.2 to 2.7)

Cancer 12.3 14.4 12.8 0.9 (�0.4 to 2.2)

COVID-19 1.0 (2020 Q1) 9.0

ALD, alcohol-related liver disease; CI, confidence interval; COVID-19, coronavirus disease 2019; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection; NAFLD, nonalcoholic fatty liver disease; Q, quarter; QPC,
quarterly percentage change; US, United States.
aP < .05.
bP < .001.
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Supplementary Methods

Study Data

In brief, the National Vital Statistic System (NVSS)
dataset obtained from death certificates captures greater
than 99% of deaths in the United States residents in all
50 states and the District of Columbia.1 The NVSS dataset
has recorded the cause of death as the International
Classification of Diseases, Tenth Revision (ICD-10) based
on the death certificate. The NVSS provides a yearly na-
tional mortality record’s dataset on multiple-cause
mortality (underlying and contributing causes of
death), in which each observation is one death with an
individual’s demographic characteristics.1 We utilized
the record axis for underlying or contributing causes of
death due to the high specificity.2
Definitions of Etiologies of Chronic Liver
Disease

Chronic hepatitis C virus (HCV) infection was defined
using the diagnosis codes for HCV infection (B17.1,
B18.2, and B19.2). We identified chronic hepatitis B virus
(HBV) infection based on the ICD-10 diagnostic codes
(B16, B17.0, B18.0, B18.1, and B19.1). We utilized the
ICD-10 code to identify alcoholic liver disease (ALD)
(K70.0, K70.1, K70.2, K70.3, K70.4, and K70.9) and
nonalcoholic fatty liver disease (NAFLD) (K76.0 and
K75.81). We classified individuals with chronic HCV
infection and ALD as having HCV infection. Likewise,
individuals with chronic HBV infection and ALD were
classified as having HBV infection. Among individuals
with chronic liver disease as above, we categorized
presence or absence of liver cirrhosis using the following
definition: either liver cirrhosis (K70.3, K74.0, K74.1,
K74.2, K74.3, K74.4, and K74.6) and/or portal hyper-
tension (K76.6), and/or one of its manifestation
including spontaneous bacterial peritonitis (K65.2), he-
patic encephalopathy (K72.11 and K72.91), hepatorenal
syndrome (K76.7), or variceal bleeding (I85.0 and I85.1).

The underlying cause of death was categorized uti-
lizing the following 4 cause-specific mortalities among
individuals with chronic liver disease (listed on the un-
derlying or contributing cause of death). We defined
liver-related death as the underlying cause of death as
having viral hepatitis (B15-B19), malignant neoplasms of
liver (C22, except intrahepatic bile ducts cancer [C22.1]),
chronic liver disease, toxic liver disease, and cirrhosis
(K70-K77), sequelae of viral hepatitis (B94.2), ascites
(R18), bleeding esophageal varices (I85.0) among in-
dividuals with chronic liver disease. Cardiovascular
disease-related mortality as ICD-10 I00-I99 and cancer-
related death as ICD-10 C00-C97 (except C22.0, C22.2,
C22.4, C22.7, C22,8, C22.9) using the underlying cause of
death were defined among individuals with chronic liver
disease.3,4 Coronavirus disease 2019 (COVID-19) deaths
are defined as ICD-10 code U07.1 using the underlying
cause of death.5
Supplementary Discussion

The strength of this study is capturing up-to-date
longitudinal trends and examining individual-level data
in a national cohort during the recent 4-year period. We
presented United States etiology-based chronic liver
disease-related mortality trends before and during the
COVID-19 pandemic. This allowed us to compare
population-wide mortality data and gain a unique insight
into mortality stratified by the etiology of chronic liver
disease before and during the COVID-19 pandemic. In
addition, mortality may be a less-biased outcome to
determine the impact of the COVID-19 pandemic on liver
disease, as length time or lead time bias commonly
observed in survival analysis does not affect mortality.6

On the other hand, our study has several limitations.
First, the underlying or contributing cause of death based
on the death certificate may have the potential for
misclassification and underestimation, which may impact
the study outcome. However, the coding method has
been constant over time, unlikely to explain the pre-
sented temporal trends in chronic liver disease-related
mortality. Second, age-standardized mortality may not
reflect actual death rates, but these rates were suitable
for comparisons across the population and over time.
Third, the ICD-10 code for NAFLD only captured small
estimates of NAFLD, which may have the potential for
underestimation. The current ICD-10 code for NAFLD
underestimates the true prevalence of NAFLD. However,
such problems may be mitigated because these un-
derestimations have been assumed to be constant during
the study period. Fourth, because the National Center for
Health Statistics has not released the NVSS 2021, we are
unable to evaluate trends in COVID-19-related mortality
among individuals with chronic liver disease for 2021.
The relatively short-term follow-up after the COVID-19
pandemic is limited to this analysis. Therefore, future
studies with updated datasets will help determine trends
in COVID-19-related deaths among individuals with
chronic liver disease. Fifth, we were unable to determine
the impact of temporal change in alcohol consumption,
linkage-to-care, and severity of underlying chronic liver
disease on trends in mortality during the COVID-19
pandemic because of the limitations of the NVSS dataset.
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Ethnicity
Whites, non-Hispanic 84,323 (71
Blacks, non-Hispanic 8968 (7.
American Indian or Alaskan Native, non-Hispanics 4331 (3.
Asians or Pacific Islander, non-Hispanics 1791 (1.
Hispanics 18,995 (16

Sex
Men 83,055 (69
Women 35,835 (30

Education
Less than high school 20,991 (18
Completed high school 50,084 (43
Some college 18,696 (16
Completed college or beyond 26,073 (22

Note: Data are presented as number (%).
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lular carcinoma incidence and mortality. Hepatology 2015;
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iver Disease as a Cause of Death in the United States,
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Nonalcoholic fatty
liver disease Hepatitis B

62,297 25,884 6817
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.2) 39,221 (63.5) 20,679 (80.1) 3053 (45.1)
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7) 1131 (1.8) 427 (1.7) 60 (0.9)
5) 1306 (2.1) 517 (2.0) 1943 (28.7)
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Supplementary Table 2. The Numbers and Proportion of COVID-19-related Mortality as the Underlying Cause of Death
Among Individuals With Chronic Liver Disease

2020 Q1 2020 Q2 2020 Q3 2020 Q4 Total

Alcohol-related liver disease 7/7702 (0.1) 219/8646 (2.5) 213/9561 (2.2) 447/10,209 (4.4) 886/36,118 (2.5)

Hepatitis C 15/3593 (0.4) 284/3823 (7.4) 226/3675 (6.1) 293/3817 (7.7) 818/14,908 (5.5)

Nonalcoholic fatty liver disease 7/1834 (0.4) 76/1930 (3.9) 89/2102 (4.2) 157/2231 (7.0) 329/8097 (4.1)

Hepatitis B 4/410 (1.0) 43/465 (9.2) 33/441 (7.5) 40/445 (9.0) 120/1761 (6.8)

Note: Data are presented as n/N (%).
COVID-19, Coronavirus disease 2019; Q, quarter.
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