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Most excess years of potential 
life loss among individuals with 
cirrhosis during the pandemic 
were not related to COVID- 19

We read with interest the article by 
Dufour et al.1 The authors were to be 
commended for their comprehensive 
review on the presentations, patho-
physiology and prognosis of COVID- 19 
in patients with chronic liver disease. 
Notably, the authors included data from 
multicentre and nationwide cohort 
studies to suggest decompensated 
cirrhosis as an independent risk factor 
for severe COVID- 19 and death.1–6

However, while excess death from 
COVID- 19 among patients with cirrhosis 
is important, the non- COVID- 19- related 
excess death is integral in considering the 
degree of care disruption and delayed 
presentation, especially for those before 
65 years of age. Thus, using the CDC 
WONDER website of the US National 
Vital Statistic System, which includes 
over 99% of deaths annually, we eval-
uated the percentage of excess years of 

potential life loss (YPLL) among individ-
uals with cirrhosis during the pandemic 
and how much of these excess YPLL 
were directly versus indirectly related 
to COVID- 19. Details of method are 
included in the online supplemental 
file. In brief, we included decedents 
with cirrhosis listed as one of the causes 
of death in the death certificate. We 
estimated cirrhosis- related premature 
deaths by calculating the YPLL.7 8 We 
then conducted forecast analysis to esti-
mate the projected YPLL according to 
the pre- pandemic YPLL. Excess YPLL 
was defined by the difference between 
projected and observed YPLLs. Propor-
tion of COVID- 19 is calculated as YPLL 
secondary to COVID- 19- related death 
among patients with cirrhosis divided by 
excess YPLL for cirrhosis.

In total, 466 356 cirrhosis- related 
deaths aged 25–64 years during 1 
January 2012–31 December 2021 were 
identified. The total YPLL (per 100 000 
persons) increased from 376.4 in 2019 
to 454.0 in 2020 and 491.0 in 2021, 
with an annual percentage change (APC) 
of 15.4% (p<0.001) between 2019 and 
2021 via joinpoint analysis (figure 1A). 

When compared with projected YPLL in 
the corresponding years, this translated 
to an excess YPLL of 20.7% in 2020 and 
29.5% in 2021, respectively. Notably, 
COVID- 19- related YPLL constituted 
only a minority of the excess YPLL 
(20.1% in 2020 and 22.8% in 2021) 
(table 1).

By sex, the increasing trend of YPLL 
was more pronounced in female as 
compared with male (APC, 2.4% vs 0.2%) 
before the pandemic (figure 1B,C). During 
the pandemic, the upward trend became 
steeper while becoming more similar 
between female and male (APC, 14.9% 
vs 15.7%). For both sexes, the observed 
YPLLs were significantly higher than the 
projected YPLLs, and the proportions of 
COVID- 19- related YPLL were similar 
(table 1).

By aetiology, while the percentage 
differences between the observed and 
projected YPLLs were pronounced across 
all etiologies, it was most prominent with 
alcohol- associated liver disease (ALD, 
29.1% in 2020 and 40.7% in 2021), with 
the APC for ALD being 22.2% (95% CI 
7.9% to 38.3%; p=0.009) during the 
pandemic (vs 2.5%, 95% CI 0.8% to 4.2%, 
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Figure 1 Years of potential life lost (YPLL) from premature deaths (<65 years of age) attributable to cirrhosis per 100 000 persons in the USA 
between 2012 and 2021 overall, by sex or by aetiology. Data shown for observed values versus predicted values (dashed line) for 2020 and 2021 
based on data between 2012 and 2019 for each subgroup (except for HCV, of whom the predicted values were based on the 2015~2019 trend to 
align with the introduction of new direct acting antivirals in 2014). *Subgroups with less than 40 cases of COVID- 19- related deaths (eg, NAFLD in 
2020). Red line denotes that the change of YPLL during the pandemic was significant based on joinpoint analysis. Data on HBV infection- related 
mortality were not shown as the sample sizes of COVID- 19 in both 2020 and 2021 were less than 40 cases. ALD, alcohol- associated liver disease; HCV, 
hepatitis C virus infection; NAFLD, non- alcoholic fatty liver disease.
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p=0.012, pre- pandemic) (figure 1D). The 
YPLLs for HCV and HBV infection were 
decreasing throughout the entire study 
time, but the decreasing trend became 
slower during the pandemic, resulting 
in considerable excess YPLLs for both of 
these subgroups (figure 1E). The percent-
ages of excess YPLL for non- alcohol fatty 
liver disease were 17.7% in 2020 and 
20.3% in 2021 (figure 1F). Importantly, 
COVID- 19- related YPLL was less than 9% 
of the excess YPLL across all liver disease 
aetiologies (table 1).

YPLL for ALD has the most striking 
increase among all aetiologies. This is 
consistent with the report regarding 
elevated alcohol sales across the USA 
during the pandemic.9 Increased stress, 
isolation- related boredom due to shelter- 
in- place orders, loss of familial and social 
support system, stigmatisation of disease 
and lack of access to mental health services 
were potential contributing factors.10

In conclusion, using nationwide data, 
we found a substantial increase in excess 
premature deaths that were related to 
cirrhosis during the pandemic in the 
USA, but less than 22.8% of cirrhosis- 
related excess YPLLs were associated with 
COVID- 19 itself. This suggests that the 
majority of the excess premature deaths 
were resulted from the indirect impact 
of the pandemic, such as disruption of 

healthcare delivery, financial distress, 
social isolation and fear of contracting 
COVID- 19. Therefore, ‘returning to 
normal’ of healthcare access and reception 
should be the goal for all stakeholders.
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Table 1 Years of potential life lost (YPLL) from premature deaths (<65 years of age) attributable to cirrhosis per 100 000 persons in the USA 
between 2012 and 2021 overall, by sex or by aetiology

YPLL per 100 000 persons

2012 2019 2020 2021

Observed Observed Observed
Predicted 
(95% CI)

Excess 
(%)

Proportion of 
COVID- 19 (%) Observed

Predicted 
(95% CI)

Excess 
(%)

Proportion of 
COVID- 19 (%)

Overall 350.8 376.4 454.0 376.3
(370.2 to 382.5)

20.7% 20.1% 491.0 379.3
(372.1 to 386.6)

29.5% 22.8%

Sex

  Female 257.4 303.5 367.7 311.1
(303.9 to 318.3)

18.1% 21.4% 399.2 317.4
(308.9 to 325.8)

25.8% 26.8%

  Male 423.4 431.2 519.2 424.7
(416.4 to 433.1)

22.2% 19.4% 560.6 424.9
(415.1 to 434.7)

31.9% 20.7%

Aetiology

  ALD 118.2 135.8 174.4 135.1
(127.3 to 142.8)

29.1% 6.7% 194.0 137.8
(128.7 to 147.0)

40.7% 6.5%

  NAFLD 4.5 7.5 9.1 7.8
(7.2 to 8.4)

17.7% – 9.9 8.2
(7.5 to 8.9)

20.3% 6.9%

  HCV 62.1 27.6 26.4 21.8
(18.9 to 24.6)

21.1% 6.3% 23.5 16.7
(13.0 to 20.3)

40.7% 8.1%

  HBV 5.5 3.4 3.4 2.8
(2.1 to 3.4)

23.3% – 3.2 2.5
(1.7 to 3.2)

28.6% –

Excess (%) is calculated as (Observed – Predicted)*100%/Predicted.
Predicted values for 2020 and 2021 were based on the 2012~2019 trend for each subgroup (except for HCV, of whom the predicted values were based on the 2015~2019 trend 
to align with the introduction of new direct acting antivirals in 2014).
Proportion of COVID- 19 is calculated as YPLL secondary to COVID- 19- related death among patients with cirrhosis divided by excess YPLL for cirrhosis in 2020 and 2021 (except 
for subgroups with less than 40 cases of COVID- 19 related deaths (NAFLD in 2020 and HBV in both 2020 and 2021)).
ALD, alcohol- associated liver disease; HBV, hepatitis B virus infection; HCV, hepatitis C virus infection; NAFLD, non- alcoholic fatty liver disease; YPLL, years of potential life lost.
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Supplemental Table 1. The tenth edition of the international classification of 

diseases (ICD-10) in the study. 

 

Disease ICD-10 

Cirrhosis 
K70.3, K72.1, K72.9, K74.0, K74.1, K74.2, K74.3, K74.4, K74.6, 

K76.6, K76.7, K65, I85.0 

ALD K70.0, K70.1, K70.2, K70.3, K70.4, K70.9 

NAFLD K75.8, K76.0 

HCV B17.1, B18.2 

HBV B16.0, B16.1, B16.2, B16.9, B17.0, B18.0, B18.1 

Abbreviation: ALD, alcohol-associated liver disease; NAFLD, non-alcoholic fatty liver 

disease; HCV, hepatitis C virus infection; HBV, hepatitis B virus infection. 
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Supplementary methods 

 

To calculate years of potential life lost (YPLL), we first stratified deaths into 5-year 

age groups starting at 65 and down to 25 (i.e. 64-60, 59-55, 54-50, etc…). We then 
subtracted the median age (MA) of each strata by 65. The value in each strata was 

multiplied by the total number of cirrhosis-related deaths (D) observed in its 

corresponding age group. Next, we divided this value by the total number of the 

population (P) of the corresponding age group to obtain the age-specific YPLL. 

Standardization was then performed by multiplying the age-specific YPLL by the 

proportion of the corresponding age group (F) as represented in the total U.S. 

population as per the 2000 US Census. Lastly, we added the age-standardized YPLLs 

of all 5-year age groups the final sum for the age-standardized YPLL of the total 

population. The formula for the calculation of YPLL is as follow, YPLL = Σ ({[D (65 
– MA)] / P * F). 

We computed excess mortality by subtracting the projected values by the 

observed values based on forecast analysis. Projected values were estimated via a 

linear regression model using the ordinary least squares (OLS) method. R square was 

used to determine the fit of the model. The selection of models was determined by the 

trend of YPLL.  

To determine the trend of premature mortality in decedents with cirrhosis, we 

applied a joinpoint regression model to describe such continuous changes and used 

the grid-search method to fit the regression function with unknown number of 

joinpoint(s), assuming that the variance remains constant and there are uncorrelated 

errors. The program starts with the minimum number of joinpoint (zero joinpoint, aka. 

a straight line) and tests whether the addition of more joinpoint(s) makes the new 

model statistically significant than less joinpoint and whether it must be added to the 

model (up to that maximum number) determined by Monte Carlo Permutation 

method. This method enables the user to test whether an apparent change in trend is 

statistically significant. In addition, the models may also be linear on the log of the 

response (e.g. for calculating the annual percentage rate change).  

The joinpoint analysis software also allows viewing one graph for each joinpoint 

model, from the model with the minimum number of joinpoint(s) to the model with 

maximum. Therefore, we used this method combined with the Monte Carlo 

Permutation test to determine whether the overall trend was best depicted by one or 

more segments to determine the APC with 95% confidence interval (CI) of each 

segment and their associated P values. The positivity/negativity and magnitude of 

APCs denote the direction and steepness of trend. 
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