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hronic liver disease (CLD) and cirrhosis accounts

for approximately 2 million deaths annually
worldwide. CLD and cirrhosis-related mortality has
increased steadily in the United States."” With the global
pandemic of coronavirus disease 2019 (COVID-19), pa-
tients with CLD and cirrhosis represent a vulnerable
population at higher risk for complications and mortal-
ity.>* Although high mortality from COVID-19 among pa-
tients with CLD and cirrhosis have been reported,5
national trends in mortality related to CLD and cirrhosis
before and during the COVID-19 pandemic have not been
assessed. This study estimated the temporal quarterly
trends in CLD and cirrhosis-related mortality in the
United States from 2017 Q1 to 2020 Q3 using provisional
data releases from the National Vital Statistics System.®’

Methods

The methods used for this study have been described
in detail elsewhere."* The National Vital Statistics Sys-
tem recently released quarterly provisional estimates to
provide high-quality, near real-time US mortality data
during the COVID-19 pandemic.” CLD and cirrhosis were
identified and provided through quarterly provision
mortality data using the underlying cause-of-death codes
of K70 and K73-K74 in the International Classification of
Diseases, Tenth Revision.®

Provisional mortality data provided 2 mortality defi-
nitions.® First, the quarterly (3-month period) mortality
annualized to present deaths per year that would be
expected if the quarter-specific rate prevailed for 12
months.® Second, the mortality for “12 months ending
with quarter” (also called moving average rate) are the
average rates for the 12 months that end with the
quarter.® Estimates for the 12-month period ending with
a specific quarter include all seasons of the year and,
thus, are insensitive to seasonality.® Age-adjusted mor-
tality was computed according to the age distribution of
2000 US standard population by the direct method. We
examined changes in temporal trends over time using the
National Cancer Institute’s joinpoint regression program

version 4.9.0.0. This joinpoint regression determines
whether single or multiple trend segments explain age-
adjusted quarterly mortality over time by fitting joined
straight lines to trend data.® For each trend segment, we
reported the quarterly percentage change (QPC) and the
average QPC, a summary measure of trend accounting
for transitions within each trend segment.” Joinpoint
regression analyzed a set of the time points at which the
change in the trend of the mortality is statistically sig-
nificant and calculates the quarter-to-quarter percentage
change in quarterly age-adjusted mortality and the 95%
confidence interval (CI).?

Results

As indicated in Table 1 and Supplementary Figure 14,
age-adjusted quarterly (3-month period) mortality
caused by CLD and cirrhosis steadily increased from 11.0
per 100,000 persons in 2017 Q1 to 13.8 per 100,000
persons in 2020 Q3 with a statistically significant
average QPC increase of 1.6% (95% CI, 0.8%-2.5%).
However, the increase in mortality was markedly higher
during the COVID-19 pandemic (6.1%; 95% CI, 2.1%-
10.3%) compared with the early period (0.5%; 95% CI,
-0.1% to 1.0%). When we analyzed mortality by sex,
mortality in men was higher than in women. Increasing
trends in mortality during the COVID-19 pandemic were
consistently noted regardless of men (QPC, 8.4%; 95%
CI, 1.2%-16.1%) and women (QPC, 5.1%; 95% CI, 1.8%-
8.5%). Although mortality in the older (>55 years)
population was higher than in the younger (<55 years)
population, only the younger population showed
increasing trends in mortality during the COVID-19
pandemic (Table 1, Supplementary Figure 1B). The
mortality for the most recent quarter (2020 Q3) was
significantly higher than from the same quarter of the
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Table 1. Age-Adjusted Chronic Liver Disease and Cirrhosis-Related Mortality and QPC Between 2017 Quarter 1 and 2020 Quarter 3 Using the Quarterly (3-Month Period)

Mortality

Age-adjusted mortality
(per 100,000 persons)

Average QPC (95% Cl)

Trend segment 1

Trend segment 2

2017 Q1

2019 Q3

2020 Q3

2017 1Q to
2020 3Q

Year

QPC (95% Cl)

Year

QPC (95% Cl)

Total population
Sex
Men
Women
Age
2510 34
35to 44
45 to 54
55 to 64
65 to 74
75 to 84
>85

11.0

14.7
7.7

1.9

6.9
19.5
33.2
33.5
32.5
27.3

111

14.9
7.7

25

8.6
19.2
32.7
32.8
31.1
24.0

13.8°

18.27
9.7¢

4.0°
12.8°
2527
39.3°
36.67
32.9%
27.6°

1.6 (0.8 to 2.5)°

1.7 (0.7 to 2.6)°
1.6 (0.7 to 2.6)°

4.7 2.9 t0 6.5)°
4.3 (2.8 to 5.8)°
1.9 (0.3 to 3.4)°
0.9 (0.4 to 1.5)°
0.9 (0.4 to 1.3)°
0.4 (0.2 to 0.9)

0.0 (-0.8 to 0.9)

2017 Q1 to 2019 Q4

2017 Q1 to 2020 Q1
2017 Q1 to 2019 Q3

2017 Q1 to 2019 Q3
2017 Q1 to 2019 Q4
2017 Q1 to 2020 Q1
2017 Q1 to 2020 Q3
2017 Q1 to 2020 Q3
2017 Q1 to 2020 Q3
2017 Q1 to 2020 Q3

0.5 (-0.1 to 1.0)

0.6 (0.2 to 1.0)°
0.3 (-0.5 to 1.1)

1.9 (0.4 to 3.4)°
1.5 (0.6 to 2.5)°
0.2 (-0.5 t0 0.9)
0.9 (0.4 to 1.5)°
0.9 (0.4 to 1.3)°
0.4 (-0.2 to 0.9)
0.0 (-0.8 to 0.9)

2019 Q4 to 2020 Q3

2020 Q1 to 2020 Q3
2019 Q3 to 2020 Q3

2019 Q3 to 2020 Q3
2019 Q4 to 2020 Q3
2020 Q1 to 2020 Q3

6.1 (2.1 t0 10.3)°

8.4 (1.2 to 16.1)°
5.1 (1.8 to 8.5)°

11.9 (5.5 to 18.8)°
15.2 (7.4 to 23.4)°
12.5 (0.5 to 25.8)°

NOTE. The quarterly (3-month period) mortality annualized to present deaths per year would be expected if the quarter-specific rate prevailed for 12 months.

Cl, confidence interval; Q, quarter; QPC, quarterly percentage change.

4P < .05 comparison between estimates for the most recent quarter (2020 Q3) versus the same quarter of the previous year (2019 Q3).

bp < 05.
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previous year (2019 Q3) in the total population and
across sex and age groups (Table 1, Supplementary
Table 1; P < .05). When we defined mortality as the
mortality for “12 months ending with quarter”
(Supplementary Table 1, Supplementary Figure 1C and
D), a sharp increase was observed during COVID-19
pandemics with a QPC of 4.6% (95% CI, 3.0%-6.3%)
with a narrow CI compared with quarterly (3-month
period) mortality. The results remained essentially
identical stratified by sex. Consistent with previous an-
alyses using quarterly (3-month period) mortality, mor-
tality increased with statistically significant average
QPCs ranged from 0.4 to 1.8 before the COVID-19
pandemic and then increased rapidly during the
COVID-19 pandemic across the age group 25-74 with
narrower Cl compared with quarterly mortality.

Discussion

This nationally representative population-based
study found an increase in CLD and cirrhosis-related
mortality from 2017 Q1 through 2020 Q3. However,
there was a significant increase in national CLD and
cirrhosis-related mortality during the COVID-19
pandemic in the United States. We found increasing
trends in mortality during the COVID-19 pandemic
across the sex and younger population. Acute-on-chronic
liver failure or acute decompensation could occur in
compensated cirrhosis with concomitant COVID-19,
which strongly correlated with the risk of liver-related
death.” Also, it may be challenging to provide timely
care to patients with CLD and cirrhosis during the
COVID-19 pandemic.” Provisional mortality data only
provided 15 leading underlying causes of death. COVID-
19 was the third leading underlying cause of death in
2020.° Because we used the definition of “CLD and
cirrhosis”-related underlying cause of death, we think
this analysis was limited to only liver-related mortality,
not COVID-19-related mortality as the underlying cause
of death. Stable trends in liver-related mortality in the
older population may be explained by deaths caused by
COVID-19 as the underlying cause and “CLD and
cirrhosis” as contributing causes of death. We were un-
able to access contributing causes of death because
provisional mortality data did not provide this informa-
tion. The strength of our study includes an up-to-date
description of the national mortality trends caused by
CLD and cirrhosis before and during the COVID-19
pandemic.

Clinical Gastroenterology and Hepatology Vol. 19, No. 12

Our study has several limitations. First, provisional
estimates are provided for 15 leading causes of death
and COVID-19 as the underlying cause of death. There-
fore, we were unable to assess etiology and other liver
diseases, such as hepatocellular carcinoma, as underlying
causes of death. Also, we were unable to examine COVID-
19-related death among patients with CLD and cirrhosis.
Second, data are provisional, and numbers of death and
mortality may change as additional information is
received.’

In conclusion, although CLD and cirrhosis-related
mortality continue to increase during the recent 4-year
period, mortality increased markedly during the
COVID-19 pandemic in the United States.

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.2021.07.009.
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Supplementary Figure 1. Quarterly age-adjusted mortality for chronic liver disease and cirrhosis in the United States between
2017 Quarter 1 and 2020 Quarter 3. (A) Total population and stratified by sex using the quarterly (3-month period) mortality. (B)
Stratified by age using the quarterly (3-month period) mortality. (C) Total population and stratified by sex using mortality for 12
months ending with quarter. (D) Stratified by age using mortality for 12 months ending with quarter.



Supplementary Table 1. Age-Adjusted Chronic Liver Disease and Cirrhosis-Related Mortality and QPC Between 2017 Q1 and 2020 Q3 Using Mortality for 12 Months Ending

With Quarter
Age-adjusted mortality
(per 100,000 persons) Average QPC (95% ClI) Trend segment 1 Trend segment 2
2017 Q1 2019 Q3 2020 Q3 2017 Q1 to 2020 Q3 Year QPC (95% Cl) Year QPC (95% Cl)

Total population 10.7 11.2 12.5° 1.1 (0.9 to 1.3)° 2017 Q1 to 2020 Q1 0.5 (0.4 to 0.6)° 2020 Q1 to 2020 Q3 4.6 (3.0 to 6.3)°
Sex
Men 14.3 15.0 16.4° 1.0 (0.8 to 1.2)° 2017 Q1 to 2020 Q1 0.5 (0.4 to 0.6)° 2020 Q1 to 2020 Q3 3.9 (2.3 to 5.4)°
Women 75 7.8 8.9° 1.3 (0.9 to 1.6)° 2017 Q1 to 2020 Q1 0.6 (0.4 to 0.7)° 2020 Q1 to 2020 Q3 5.5 (2.8 to 8.3)°
Age
25 to 34 2.0 24 3.17 3.4 (2.4 to 4.3)° 2017 Q1 to 2019 Q4 1.8 (1.2 to 2.4)° 2019 Q4 to 2020 Q3 9.3 (4.7 to 14.2)°
35 to 44 7.1 7.9 10.4° 2.7 2.3 to 3.1)° 2017 Q1 to 2019 Q4 1.2 (0.9 to 1.4)° 2019 Q4 to 2020 Q3 8.5 (6.5 to 10.6)°
45 to 54 19.4 19.9 21.9° 0.8 (0.4 to 1.1)° 2017 Q1 to 2020 Q1 0.1 (-0.0 to 0.3) 2020 Q1 to 2020 Q3 4.8 (2.11t0 7.6)°
55 to 64 32.4 33.4 36.3° 0.8 (0.4 to 1.2)° 2017 Q1 to 2020 Q1 0.4 (0.2 to 0.6)° 2020 Q1 to 2020 Q3 3.3 (0.5 t0 6.3)°
65 to 74 30.9 32.7 35.17 0.9 (0.7 to 1.1)° 2017 Q1 to 2019 Q4 0.6 (0.5 to 0.8)° 2019 Q4 to 2020 Q3 1.9 (0.8 to 3.0)°
75 to 84 31.2 32.3 33.3 0.4 (0.3 to 0.5)° 2017 Q1 to 2020 Q3 0.4 (0.3 to 0.5)°
85- 25.0 26.5 27.2 0.2 (-0.1 to 0.5) 2017 Q2 to 2020 Q3 0.2 (-0.1 to 0.5)

NOTE. The mortality for “12 months ending with quarter” (also called moving average rate) is the average rates for the 12 months that end with the quarter. Estimates for the 12-month period ending with a specific quarter
include all seasons of the year and, thus, are insensitive to seasonality.

Cl, confidence interval; Q, quarter; QPC, quarterly percentage change.

4P < .05 comparison between estimates for the most recent quarter (2020 Q3) versus the same quarter of the previous year (2019 Q3).

bp < .05.
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