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Background: Global pandemic of COVID-19 represents an unprecedented challenge. COVID-19 has pre- 

dominantly targeted vulnerable populations with pre-existing chronic medical diseases, such as diabetes 

and chronic liver disease. 

Aims: We estimated chronic liver disease-related mortality trends among individuals with diabetes before 

and during the COVID-19 pandemic. 

Methods: Utilizing the US national mortality database and Census, we determined the quarterly age- 

standardized chronic liver disease-related mortality and quarterly percentage change (QPC) among indi- 

viduals with diabetes. 

Results: The quarterly age-standardized mortality for chronic liver disease and/or cirrhosis among in- 

dividuals with diabetes remained stable before the COVID-19 pandemic and sharply increased during 

the COIVD-19 pandemic at a QPC of 8.5%. The quarterly mortality from nonalcoholic fatty liver disease 

(NAFLD) and alcohol-related liver disease (ALD) increased markedly during the COVID-19 pandemic. Mor- 

tality for hepatitis C virus (HCV) infection declined with a quarterly rate of -3.3% before the COVID-19 

pandemic and remained stable during the COVID-19 pandemic. While ALD- and HCV-related mortality 

was higher in men than in women, NAFLD-related mortality in women was higher than in men. 

Conclusions: The sharp increase in mortality for chronic liver disease and/or cirrhosis among individuals 

with diabetes during the COVID-19 pandemic was associated with increased mortality from NAFLD and 

ALD. 

© 2022 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

Along with the rising prevalence of diabetes worldwide, the 

ge-adjusted prevalence of diabetes increased markedly among 

dults aged ≥ 18 years from 1999 to 2016, corresponding to 

4.1 million adults having diabetes in the United States (US) [1] . 

ased on data from the National Vital Statistic System (NVSS), di- 
Abbreviations: ALD, alcohol-related liver disease; CI, confidence interval; COVID- 

9, coronavirus disease 2019; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; 

CD-10, International Classification of Diseases Tenth Revision; NAFLD, nonalcoholic 

atty liver disease; NVSS, National Vital Statistic System; QPC, quarterly percentage 

hange. 
∗ Corresponding author at: Division of Gastroenterology and Hepatology, Stanford 

niversity School of Medicine, 300 Pasteur Drive, Stanford, CA 94304. 

E-mail address: dhkimmd@stanford.edu (D. Kim) . 
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the COVID-19 in the United States, Digestive and Liver Disease, https://
betes has remained steady in its ranking as the seventh lead- 

ng underlying cause of death in the US [2] . However, the age- 

tandardized national mortality due to diabetes declined from 112 

er 10 0,0 0 0 individuals in 20 07 to 104 per 10 0,0 0 0 in 2017 in

he US [3] . Individuals with diabetes demonstrated a two to three- 

old increased risk for chronic liver disease-related mortality [4 , 5] . 

n terms of cause-specific death among individuals with diabetes 

isted on the death certificate, the deaths for cardiovascular dis- 

ase, diabetes, and cancer decreased by 1% per year [3] , while 

irrhosis and hepatocellular carcinoma (HCC)-related mortality in- 

reased at an annual rate of 1.2–1.9% between 2007 and 2017 

6] . Since severe acute respiratory syndrome coronavirus 2 (SARS- 

oV-2) was first documented in late 2019, the confirmed cases of 

oronavirus disease 2019 (COVID-19) have now exceeded six hun- 

red million across the world [7] . COVID-19 has predominantly 

argeted vulnerable populations with pre-existing chronic medical 
rights reserved. 
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iseases, such as diabetes and chronic liver disease. In addition, it 

s prudent to assume that interruptions in standard-of-care and/or 

ue to COVID-19 among individuals with pre-existing chronic ill- 

esses, such as diabetes and chronic liver disease, may have indi- 

ectly and/or directly contributed to morbidity and mortality dur- 

ng the COIVID-19 pandemic. Therefore, we used the up-to-date 

ational mortality data (the NVSS 2017–2020) to estimate the lat- 

st trends in chronic liver disease-related mortality among individ- 

als with diabetes before and during the COVID-19 pandemic in 

he US. 

. Materials and methods 

.1. Study data 

We utilized a previously described method for this analysis 

3 , 6] . In brief, we performed analyses using a de-identified na- 

ional mortality dataset from the NVSS (2017–2020), in which 

he causes of death were recorded based on the International 

lassification of Diseases, Tenth Revision (ICD-10). This dataset 

aptures more than 99% of deaths in all US states. Due to 

he de-identified and publicly available dataset, this study did 

ot require approval by the Institutional Review Board at our 

nstitution. 

.2. Definitions of diabetes and chronic liver disease-related death 

We defined chronic liver disease-related deaths using under- 

ying and contributing causes of death among individuals with 

iabetes listed on the underlying or contributing cause of death 

E10-E14). We also defined chronic liver disease-related deaths us- 

ng the underlying cause of death among individuals with dia- 

etes for a sensitivity analysis. We identified cirrhosis as cirrho- 

is (K70.3, K74.0, K74.1, K74.2, K74.3, K74.4, and K74.6) or por- 

al hypertension (K76.6), or one of its complications: variceal 

leeding (I85.0 and I85.1), hepatic encephalopathy (K72.11 and 

72.91), spontaneous bacterial peritonitis (K65.2), or hepatore- 

al syndrome (K76.7). We defined alcohol-related liver disease 

ALD; K70.0, K70.1, K70.2, K70.3, K70.4, and K70.9), nonalcoholic 

atty liver disease (NAFLD; K76.0 and K75.81), chronic hepatitis 

 virus (HCV) infection (B17.1, B18.2, and B19.2), chronic hep- 

titis B virus infection (B16, B17.0, B18.0, B18.1, and B19.1), and 

epatocellular carcinoma (HCC; C22.0). We identified individu- 

ls with chronic HCV infection and ALD as having HCV infec- 

ion. We defined chronic liver disease by including the above 

linical diagnosis. COVID-19 deaths are classified as ICD-10 code 

07.1 [8] . 

.3. Statistical analysis 

The method for statistical analysis has previously been de- 

cribed [9–11] . In brief, to determine the effect of the COVID-19 

andemic on the mortality from diabetes and chronic liver dis- 

ase, we estimated quarterly (3-month period) age-specific mortal- 

ty by age group (20–29, 30–39, 40–49, 50–59, 60–69, 70–79, and 

80 years) by dividing the number of deaths according to the total 

S Census population for each year and were standardized to the 

010 US standard population’s age distribution. To examine tempo- 

al trends before and during the COVID-19 pandemic, the quarterly 

ercentage change (QPC) and the average QPC, a summary mea- 

ure of trends explaining transitions within each trend segment, 

ere calculated using the joinpoint regression (version 4.9.0.1; Na- 

ional Cancer Institute). 
2 
. Results 

.1. Age-Standardized mortality for chronic liver disease among 

ndividuals with diabetes 

The study population consisted of 43,436 deaths from chronic 

iver disease as the underlying or contributing cause of death 

mong 1218,968 deaths from all-cause mortality due to diabetes 

isted as the underlying or contributing cause of death from 2017 

o 2020. Among individuals with diabetes listed on death certifi- 

ates ( Fig. 1 A and Table 1 ), the quarterly age-standardized mortal- 

ty for chronic liver disease as an underlying or contributing cause 

f death increased with an annual rate of 2.7% (95% confidence in- 

erval [CI]: 1.9% to 3.5%). The quarterly mortality for chronic liver 

isease remained stable before the COVID-19 pandemic (QPC: 0.6%, 

5% CI: −0.0% to 1.2%, P = 0.052) and sharply increased during the 

OVID-19 pandemic (QPC: 8.6%, 95% CI: 5.5% to 11.6%). Comparable 

o chronic liver disease-related mortality, mortality due to cirrho- 

is remained stable before the COVID-19 pandemic (QPC: 0.3%, 95% 

I: −0.4% to 1.1%) and increased at a rate of 8.4% (95% CI: 4.6% to

2.3%) during the COVID-19 pandemic. The quarterly mortality for 

CC increased steadily during the study (QPC: 1.2%, 95% CI: 0.5% 

o 1.9%). Based on the etiology-specific analysis, a steady increase 

n mortality due to NAFLD and ALD was observed at a rate of 4.2% 

95% CI: 2.5% to 5.9%) and 3.5% (95% CI: 2.4% to 4.7%) during the 

tudy. The quarterly mortality due to NAFLD (QPC: 9.6%, 95% CI: 

.3% to 16.3%) and ALD (QPC: 7.7%, 95% CI: 3.5% to 12.0%) increased 

arkedly during the COVID-19 pandemic. Mortality for HCV in- 

ection declined with a quarterly rate of −3.3% (95% CI: −5.2% to 

1.3%) before the COVID pandemic and remained stable during the 

OVID-19 pandemic. COVID-19-related mortality as the underlying 

r contributing cause of death among individuals with chronic liver 

isease and diabetes listed on death certificates increased from 

.004 per 100,000 persons in 2020 Q1 to 0.2 per 10 0,0 0 0 per-

ons in 2020 Q4, accounting for 10% of deaths among individuals 

ith chronic liver disease and diabetes. When we defined chronic 

iver disease as an underlying cause of death among individuals 

ith diabetes, the overall results remained identical ( Fig. 1 B and 

able 1 ). The quarterly age-standardized mortality for chronic liver 

isease and cirrhosis showed similar trends, with a sharp increase 

uring the COVID-19 pandemic (QPC: 6.3%, 95% CI: 1.8% to 11.0% 

or chronic liver disease and QPC: 7.9%, 95% CI: 2.3% to 13.7% for 

irrhosis). For NAFLD, quarterly mortality steadily increased during 

he study years (QPC: 2.4%, 95% CI: 1.0% to 3.8%), while quarterly 

ortality for ALD showed a sharp increase during the COVID-19 

andemic (QPC: 10.4%, 95% CI: 3.3% to 17.9%). 

.2. Trends in mortality for chronic liver disease among individuals 

ith diabetes by sex 

When we analyzed mortality by sex, chronic liver disease- and 

irrhosis-related mortalities in men with diabetes were higher than 

n women with diabetes ( Fig. 2 and Table 2 ). However, trends in

hronic liver disease- and cirrhosis-related mortalities were slightly 

teeper in women (QPC: 2.6%, 95% CI: 1.1% to 4.1% for chronic liver 

isease; QPC: 2.8%, 95% CI: 1.4% to 4.1% for cirrhosis) than in men 

QPC: 2.3%, 95% CI: 1.3% to 3.3% for chronic liver disease; QPC: 

.6%, 95% CI: 1.7% to 3.5% for cirrhosis). Consistent with the to- 

al population, mortality due to chronic liver disease and cirrhosis 

emained stable before the COVID-19 pandemic and increased at 

 QPC rate of about 7.8% for men and 9.5% for women during the 

OVID-19 pandemic. When we analyzed etiology-based mortality 

y sex ( Fig. 2 and Table 2 ), ALD-related mortality in men was more

han 3-fold higher than in women. Quarterly ALD-related mortal- 

ty in women steadily increased before and during the COVID-19 
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Fig. 1. Quarterly age-standardized chronic liver disease-related mortality among individuals with diabetes listed on death certificates in the united states, from 2017 to 2020. 

(A) Trends in chronic liver disease-related mortality as the underlying or contributing cause of death. 

(B) Trends in chronic liver disease-related mortality as the underlying cause of death. 

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus infection; ALD, alcohol-related liver disease; NAFLD, nonalcoholic fatty liver disease; COVID-19, coron- 

avirus disease 2019; UCOD, underlying cause of death. 
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andemic. However, ALD-related mortality in men mildly increased 

efore the COVID-19 pandemic (QPC: 2.2%, 95% CI: 1.0% to 3.3%) 

nd markedly increased at a rate of 8.0% (95% CI: 2.4% to 13.8%) 

uring the COVID-19 pandemic. In contrast, NAFLD-related mor- 

ality in women was higher than in men. While quarterly NAFLD- 

elated mortality in men steadily increased before and during the 

OVID-19 pandemic, NAFLD-related mortality in women markedly 

ncreased at a rate of 11.7% (95% CI: 0.9% to 23.5%) during the 

OVID-19 pandemic. Mortality for HCV infection declined with a 

uarterly rate of −2.9% for men and −4.0% for women before the 

OVID pandemic and remained stable during the COVID-19 pan- 
emic. b

3 
.3. The proportion of etiology-based chronic liver disease-related 

ortality among individuals with diabetes 

As shown in Fig. 3 A, trends in the proportion of HCV-related 

ortality among individuals with chronic liver disease and dia- 

etes decreased with a quarterly decline of −2.9% (95% CI: −3.6% 

o −2.2%), while quarterly trends in the proportion of NAFLD- and 

LD-related mortality among individuals with chronic liver dis- 

ase and diabetes increased with a quarterly increase of 1.8% (95% 

I: 1.1% to 2.5% for NAFLD) and 1.7% (95% CI: 0.7% to 2.7% for 

LD). When we analyzed trends in the proportion of etiology- 

ased mortality by sex, the results were largely identical ( Fig. 3 B 
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Table 1 

Quarterly age-standardized chronic liver disease-related mortality and quarterly percentage change (QPC) among US adults ( ≥ 20 Years) with diabetes listed on the death 

certificate in 2017–2020. 

Age-standardized rate (per 

10 0,0 0 0 individuals) 

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

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

All-cause mortality among individuals listed on diabetes 

Chronic liver disease 0.96 0.95 1.30 2.7 (1.9, 3.5) ∗ 2017 Q1–2019 Q4 0.6 ( −0.0, 1.2) 2019 Q4–2020 Q4 8.6 (5.5, 11.6) ∗

Cirrhosis 0.69 0.70 0.96 2.4 (1.4, 3.4) ∗ 2017 Q1–2019 Q4 0.3 ( −0.4, 1.1) 2019 Q4–2020 Q4 8.4 (4.6, 12.3) ∗

Hepatocellular carcinoma 0.26 0.11 0.12 1.2 (0.5, 1.9) ∗

Alcohol-related liver disease 0.13 0.16 0.23 3.5 (2.4, 4.7) ∗ 2017 Q1–2019 Q4 2.1 (1.2, 2.9) ∗ 2019 Q4–2020 Q4 7.7 (3.5, 12.0) ∗

Hepatitis C 0.26 0.18 0.22 −0.7 ( −2.7, 1.4) 2017 Q1–2019 Q3 −3.3 ( −5.2, −1.3) ∗ 2019 Q3–2020 Q4 4.7 ( −1.1, 10.9) 

Nonalcoholic fatty liver 

disease 

0.10 0.11 0.17 4.2 (2.5, 5.9) ∗ 2017 Q1–2019 Q4 2.3 (1.0, 3.6) ∗ 2019 Q4–2020 Q4 9.6 (3.3, 16.3) ∗

Underlying cause of death among individuals listed on diabetes 

Chronic liver disease 0.45 0.41 0.52 1.4 (0.2, 2.7) ∗ 2017 Q1–2019 Q4 −0.3 ( −1.2, 0.7) 2019 Q4–2020 Q4 6.3 (1.8, 11.0) ∗

Cirrhosis 0.25 0.22 0.29 2.0 (0.6, 3.5) ∗ 2017 Q1–2019 Q4 −0.0 ( −1.1, 1.1) 2019 Q4–2020 Q4 7.9 (2.3, 13.7) ∗

Hepatocellular carcinoma 0.08 0.09 0.09 0.7 (0.1, 1.4) ∗

Alcohol-related liver disease 0.10 0.11 0.16 3.1 (1.9, 4.5) ∗ 2017 Q1–2020 Q1 1.4 (0.6, 2.2) ∗ 2020 Q1–2020 Q4 10.4 (3.3, 17.9) ∗

Hepatitis C 0.05 0.03 0.03 −4.4 ( −5.6, −3.2) ∗

Nonalcoholic fatty liver 

disease 

0.05 0.04 0.14 2.4 (1.0, 3.8) ∗

Abbreviation: QPC, quarterly percentage change; Q, quarter; CI, confidence interval. 

All-cause mortality was combined underlying cause of death and contributing causes through the record axis. 
∗ P < 0.05. 

Table 2 

Quarterly age-standardized chronic liver disease-related mortality and quarterly percentage change (QPC) among US adults ( ≥ 20 Years) with diabetes listed on the death 

certificate based on the sex in 2017–2020. 

Age-standardized rate (per 

10 0,0 0 0 individuals) Average QPC (95% CI) Trend segment 1 Trend segment 2 

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

Men 

Chronic liver disease 0.61 0.60 0.78 2.3 (1.3, 3.3) ∗ 2017 Q1–2019 Q4 0.4 ( −0.4, 1.1) 2019 Q4–2020 Q4 7.7 (3.9, 11.5) ∗

Cirrhosis 0.42 0.43 0.57 2.6 (1.7, 3.5) ∗ 2017 Q1–2019 Q4 0.7 (0.0, 1.4) ∗ 2019 Q4–2020 Q4 7.9 (4.6, 11.4) ∗

Hepatocellular carcinoma 0.08 0.08 0.08 0.9 (0.2, 1.6) ∗

Alcohol-related liver disease 0.11 0.13 0.18 3.7 (2.2, 5.2) ∗ 2017 Q1–2019 Q4 2.2 (1.0, 3.3) ∗ 2019 Q4–2020 Q4 8.0 (2.4, 13.8) ∗

Hepatitis C 0.19 0.13 0.15 −0.6 ( −2.4, 1.3) 2017 Q1–2019 Q3 −2.9 ( −4.6, −1.2) ∗ 2019 Q3–2020 Q4 4.3 ( −0.8, 9.7) 

Nonalcoholic fatty liver disease 0.04 0.05 0.07 3.7 (2.7, 4.7) ∗

Women 

Chronic liver disease 0.35 0.35 0.51 2.6 (1.1, 4.1) ∗ 2017 Q1–2019 Q4 0.2 ( −0.9, 1.3) 2019 Q4–2020 Q4 9.5 (3.9, 15.4) ∗

Cirrhosis 0.27 0.27 0.39 2.8 (1.4, 4.1) ∗ 2017 Q1–2019 Q4 0.4 ( −0.6, 1.4) 2019 Q4–2020 Q4 9.5 (4.4, 14.7) ∗

Hepatocellular carcinoma 0.02 0.03 0.04 2.3 (0.8, 3.8) ∗

Alcohol-related liver disease 0.03 0.04 0.05 2.8 (1.5, 4.1) ∗

Hepatitis C 0.07 0.05 0.07 −0.9 ( −4.2, 2.6) 2017 Q1–2019 Q3 −4.0 ( −7.2, −0.8) ∗ 2019 Q3–2020 Q4 5.8 ( −3.9, 16.4) 

Nonalcoholic fatty liver disease 0.06 0.06 0.12 4.2 (1.4, 7.2) ∗ 2017 Q1–2019 Q4 1.7 ( −0.5, 3.9) 2019 Q4–2020 Q4 11.7 (0.9, 23.5) ∗

Abbreviation: QPC, quarterly percentage change; Q, quarter; CI, confidence interval. 
∗ P < 0.05. 
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nd 3 C). However, there was a notable difference in the propor- 

ion of NAFLD and ALD between men and women. The proportion 

f NAFLD-related mortality among individuals with diabetes and 

hronic liver disease was more than 2-fold higher in women than 

n men, while the proportion of ALD-related mortality was over 2- 

old higher in men than in women. 

COVID-19-related mortality among individuals with chronic 

iver disease and diabetes was 0.4% for 2020 Q1, 8.9% for 2020 Q2, 

.4% for 2020 Q3, and 12.9% for 2020 Q4 ( Fig. 4 ). There was no

onsiderable difference between men and women. 

. Discussion 

In this US population-based study using national representa- 

ive mortality data, we noted that the quarterly mortality for 

hronic liver disease and/or cirrhosis among individuals with di- 

betes remained stable before the COVID-19 pandemic and sharply 
4 
ncreased during the COVID-19 pandemic, with a quarterly increase 

f approximately 8.5%, in association with the rise in quarterly 

ortality for NAFLD and ALD. While a decline in HCV-related mor- 

ality was prominent before the COVID-19 pandemic, mortality for 

AFLD and ALD among individuals with diabetes steadily increased 

efore the COVID-19 pandemic and demonstrated a more rapid in- 

rease during the COVID-19 pandemic. The proportion of COVID- 

9-related mortality among individuals with diabetes and chronic 

iver disease sharply increased up to 13%, corresponding to the pro- 

ortion of deaths from each etiology-based chronic liver disease. 

Recently, the role of sex as a modifier of the most common 

auses of morbidity and death in chronic diseases is a rapidly 

rowing area in medicine [12 , 13] . Diabetes is a more potent risk 

actor for the onset of cardiovascular disease and cancer in women 

han in men [12] . Sex influences on chronic liver disease are cause- 

pecific, with men exhibiting a higher risk of chronic viral hep- 

titis, cirrhosis, and HCC, whereas women exhibit a higher risk 
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Fig. 2. Quarterly age-standardized chronic liver disease-related mortality among individuals with diabetes listed on death certificates based on the sex in the United States, 

from 2017 to 2020. 

(A) Trends in chronic liver disease-related mortality as the underlying or contributing cause of death in men. 

(B) Trends in chronic liver disease-related mortality as the underlying or contributing cause of death in women. 

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus infection; ALD, alcohol-related liver disease; NAFLD, nonalcoholic fatty liver disease; COVID-19, coron- 

avirus disease 2019. 
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f autoimmune hepatitis and primary biliary cholangitis [12] . We 

ound that chronic liver disease- and cirrhosis-related mortalities 

n men were higher than in women. However, trends in chronic 

iver disease- and cirrhosis-related mortalities were slightly higher 

n women than men. ALD is more common in men because men 

ave a higher alcohol consumption than women, although the 

hreshold of alcohol consumption that results in ALD in women is 

alf that of men [12] . In this study, ALD-related mortality in men 

as more than 3-fold higher than in women. In contrast, NAFLD- 

elated mortality in women was more than 2-fold higher than in 

en. The prevalence and severity of NAFLD are higher in men than 

omen during reproductive age [13] . However, after menopause, 

AFLD occurs at a higher rate in women, suggesting that estro- 
5 
en is protective [13] . We found that 90% of NAFLD-related deaths 

ere over 50 years, which may not be a protective age for women. 

 recent meta-analysis showed that women had a 19% lower risk 

f NAFLD than men; however, risks of nonalcoholic steatohepatitis 

nd advanced fibrosis were substantially higher in women in pop- 

lations over 50 years [14] . Therefore, while men are more exposed 

o the risk of developing NAFLD, women could be more exposed to 

rogressive liver disease, resulting in increased mortality risk [14] . 

owever, the exact mechanism to explain the discrepancy is not 

ully understood, and further studies are needed to elaborate on 

his finding. 

Hyperglycemia and insulin resistance may partially explain the 

ssociation between diabetes and chronic liver disease through 
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Fig. 3. Quarterly Trends in Proportion of Etiology-based Chronic Liver Disease-related Mortality among Individuals with Diabetes Listed on Death Certificate in the United 

States from 2017 to 2020. 

(A) Total Population. 

(B) Men. 

(C) Women. 

Abbreviations: HCV, hepatitis C virus infection; ALD, alcohol-related liver disease; NAFLD, nonalcoholic fatty liver disease; QPC, quarterly percentage change. 

6 



D. Kim, O. Alshuwaykh, B.B. Dennis et al. Digestive and Liver Disease xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: YDLD [m5G; September 28, 2022;16:59 ] 

Fig. 4. Quarterly Trends in Proportion of COVID-19-related Mortality among Individuals with Diabetes and Chronic Liver Disease Listed on Death Certificate in the United 

States in 2020. 
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epatic inflammation, insulin-like growth factor, and various pro- 

nflammatory cytokines that may be associated with or linked to 

he pathogenesis of chronic liver disease and cirrhosis [15] . The 

resence of chronic liver disease-related morbidity in the setting 

f diabetes led to an increase in resource utilization and a sig- 

ificantly higher risk of mortality [16] . Our observations confirm 

hat COVID-19 had a higher likelihood of impacting vulnerable 

opulations with pre-existing chronic liver diseases and diabetes, 

ith a death rate as high as 10% in individuals with co-existing 

hronic liver disease and diabetes. The inability to attend regu- 

ar outpatient clinics for close monitoring and treatment accom- 

anied by diversion of health care resources to COVID-19 care may 

ave resulted in the suboptimal or delayed clinical care of indi- 

iduals with diabetes and chronic liver disease during the COVID- 

9 pandemic. Individuals with ALD are one of the impacted sub- 

ohort during the COVID-19 pandemic. This vulnerability includes 

 higher risk of severe COVID-19 due to a disrupted immune sys- 

em and high-risk comorbidities [17] . The inability to attend reg- 

lar outpatient visits with providers and social isolation leading 

o the mental health crisis and an upsurge in harmful drink- 

ng and relapse alongside barriers to cessation services may be 

easons for a dramatic rising tide of mortality due to ALD, not 

OVID-19, during the COVID-19 pandemic [17] . The pandemic has 

lso propagated unhealthy lifestyles predisposing to NAFLD. A US 

tudy showed that half of Americans gained weight during the 

OVID-19 pandemic. Being overweight before the pandemic was 

ost likely to gain weight (65%) compared with those who re- 

orted being normal-weight (40%) [18] . A recent study reported 

hat metabolic-associated fatty liver disease was highly preva- 

ent at the time of hospital discharge and represented a specific 

ost-acute COVID syndrome, which may affect increased mortality 

mong survivors of COVID-19 [19] . Metabolic-associated fatty liver 

isease represented a specific post-acute COVID syndrome-cluster 

henotype, with potential health consequences from cardiovascu- 

ar and metabolic abnormalities in long-COVID-19 [19] . The recent 

pproval of highly efficacious and tolerant direct-acting anti-viral 

gents, which could have provided HCV-related end-stage liver dis- 

ase, may have been crucial in reducing fatalities [20] . Mortal- 

ty for HCV infection among individuals with diabetes declined 

ith a quarterly rate of −3.3% before the COVID pandemic and 

emained stable during the COVID-19 pandemic, which may be 

artially explained by developing extrahepatic manifestations and 

OVID-19. 
s

7

As its strength, our study provides an update on national 

ongitudinal trends in etiology-based chronic liver disease-related 

ortality among individuals with diabetes before and during the 

OVID-19 pandemic, with clear insight and understanding into the 

ontribution of cause-specific COVID-19-related mortality. How- 

ver, our study has the potential for misclassification and under- 

stimation of mortality due to diabetes and chronic liver disease 

ecause of errors in the documentation on death certificates. Over 

ime, the coding method has been constant, so we believe it is un- 

ikely to explain the presented temporal trends by erroneous cod- 

ng or documentation. In addition, the number of deaths associated 

ith hepatitis B virus infection was too small to present specific 

esults because the NVSS did not allow it due to the possibility of 

dentity. 

The COVID-19 pandemic challenged and stretched the resources 

f healthcare systems, policymakers, and governments. We must 

ocus on improving our understanding and knowledge of the di- 

ect and indirect influence of COVID-19 on co-existing chronic liver 

isease and diabetes. It is plausible that psychosocial stress and a 

igher predisposition to psychiatric disorders during the COVID-19 

andemic can increase the risk of alcohol use disorder and ALD. 

urthermore, it is prudent to suspect that COVID-19-related lock- 

owns may increase the risk of obesity, leading to a higher risk of 

nsulin resistance and metabolic complications, including diabetes 

nd NAFLD. Future studies are needed to improve our understand- 

ng of these possible pathogenetic links. More importantly, emer- 

ency preparedness or contingency plans must be in place to con- 

inue and provide uninterrupted care for chronic ailments during 

imes of disaster. 
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