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Abstract
Background and Aims: Alcohol consumption increased during the COVID-19 
pandemic in 2020 in the United States. We projected the effect of increased 
alcohol consumption on alcohol-associated liver disease (ALD) and mortality.
Approach and Results: We extended a previously validated microsimulation 
model that estimated the short- and long-term effect of increased drinking dur-
ing the COVID-19 pandemic in individuals in the United States born between 
1920 and 2012. We modeled short- and long-term outcomes of current drink-
ing patterns during COVID-19 (status quo) using survey data of changes in 
alcohol consumption in a nationally representative sample between February 
and November 2020. We compared these outcomes with a counterfactual 
scenario wherein no COVID-19 occurs and drinking patterns do not change.
One-year increase in alcohol consumption during the COVID-19 pandemic is 
estimated to result in 8000 (95% uncertainty interval [UI], 7500–8600) addi-
tional ALD-related deaths, 18,700 (95% UI, 17,600–19,900) cases of decom-
pensated cirrhosis, and 1000 (95% UI, 1000–1100) cases of HCC, and 8.9 
million disability-adjusted life years between 2020 and 2040. Between 2020 
and 2023, alcohol consumption changes due to COVID-19 will lead to 100 
(100–200) additional deaths and 2800 (2700–2900) additional decompen-
sated cirrhosis cases. A sustained increase in alcohol consumption for more 
than 1 year could result in additional morbidity and mortality.
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INTRODUCTION

Since the start of COVID-19 pandemic in the 
United States, alcohol consumption has increased 
considerably—observed increases in consumption of 
up to 25% have been recorded in small samples.[1-3] 
Weekly sales of alcohol have also been observed to 
increase by as much as 400% and be sustained over 
many weeks.[4,5] A recent nationally representative 
survey showed considerable increases in alcohol con-
sumption overall and by populations of interest including 
women, Black people, and households with children.[1,3] 
There is risk that these short-term increases may mani-
fest as long-term trends in drinking at the societal level. 
There is an urgent need to understand the impact of 
these changes and inform the decisions of individuals, 
policymakers, and health care workers.

The burden of alcohol-associated liver disease 
(ALD) has risen in the past decade, particularly among 
the young and women.[6-8] Short-term increases in al-
cohol consumption can result in abrupt rises in alcohol 
use disorder and other long-term changes in behavior 
and care,[9] which may cause complications such as in-
jury and cirrhosis, leading to long-term increase in ALD 
and mortality.

As the COVID-19 pandemic continues to evolve, it 
is important to understand the immediate and long-
term effects of increased alcohol consumption on ALD 
to inform appropriate clinical and policy management. 
The objective of our study was to quantify projected 
ALD mortality in the context of increases in alcohol 
consumption during the COVID-19 pandemic and com-
pare outcomes with a counterfactual scenario without 
COVID-19 and no changes in drinking patterns.

PARTICIPANTS AND METHODS

Model synopsis

In our model, individuals are born and their health char-
acteristics and drinking levels are updated each year 
based on their age and sex. Individuals’ alcohol con-
sumption is simulated consistent with rates found in 
national data sets, and their health status is updated 
each year based on their drinking levels. Based on their 
drinking levels, individuals have a likelihood of develop-
ing complications of the liver including decompensation 

and HCC, and they could die of ALD or other causes. 
The model simulated the long-term population-level 
outcomes under two scenarios: increased alcohol con-
sumption during COVID-19 and a counterfactual with 
no COVID-19–related increase in alcohol consumption.

Model overview

We extended a previously developed microsimulation 
model of fibrosis progression in ALD for US adults[6] by 
accounting for current age cohort and sex-based drink-
ing rates as collected by the National Epidemiologic 
Survey on Alcohol and Related Conditions 
(NESARC),[10] drinking trajectories in the US popula-
tion,[11] and fibrosis progression rates for drinkers of 
varying levels that account for current age cohort and 
sex-based drinking trajectories in the US population.[12] 
At any given time, a patient occupies one of the health 
states in the model, which is defined by a combination 
of their liver health stage and drinking level (Figure 1). 
Individuals transition from one health state to another 
based on progression and regression rates that are 
dependent on drinking level and sex. The model ac-
counts for competing causes of mortality, both related 
and unrelated to alcohol use (not shown in Figure 1 for 
simplicity). Time advances in 1-year increments. The 
model was developed in R, version 3.6.1 (R Foundation 
for Statistical Computing) using microsimulation code 
adapted from DARTH group.[13]

Data sources

Mortality data were collected from the Centers for Disease 
Control and Prevention (CDC) WONDER database for 
the years of interest.[14] The queries were placed for 
International Classification of Diseases, Tenth Revision 
codes K70.0 (alcohol-associated fatty liver), K70.1 
(alcohol-associated hepatitis), K70.2 (alcohol-associated 
fibrosis and sclerosis of liver), K70.3 (alcohol-associated 
cirrhosis of liver), K70.4 (alcohol-associated hepatic fail-
ure), and K70.9 (ALD) following procedures established 
for National Institute on Alcohol Abuse and Alcoholism 
(NIAAA) surveillance reports on liver cirrhosis mortality 
in the United States.[15] Other natural history transition 
probabilities are sourced from existing research as out-
lined in the Supporting Information (Tables S1 and S2).

Conclusions: A short-term increase in alcohol consumption during the 
COVID-19 pandemic can substantially increase long-term ALD-related mor-
bidity and mortality. Our findings highlight the need for individuals and policy-
makers to make informed decisions to mitigate the impact of high-risk alcohol 
drinking in the United States.
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We estimated individual drinking levels using the 
NESARC studies,[10] limited access data sets obtained 
from the NIAAA, which are nationally representative 
surveys of at least 36,309 US adults collected between 
2001 and 2002 (NESARC-I Wave 1) and April 2012 and 
June 2013 (NESARC-III). The survey data allow for es-
timates of the 2001–2002 and 2012–2013 distribution 
of drinkers by age and sex. Compared against data col-
lected 10 years prior during NESARC-I, the NESARC-
III data also allowed for the consideration of changing 
rates of high-risk drinking among age groups.[10,16]

Population

We model birth cohorts of US adults from 1920 to 2012. 
As an initial model input, we used male and female an-
nual birth cohorts as reported by the US Census Bureau.

Drinking levels

Drinking levels consist of never yet consumed alcohol 
(denoted H1–H5 in the model), abstinence, low risk (<3 
drinks per day), medium risk (3–4 drinks per day), high 
risk (4–7 drinks per day), and very high risk states (>7 

drinks per day). Transitions are possible between every 
drinking level (abstinence, low risk, medium risk, high 
risk, and very high-risk drinking), and transition rates 
are consistent with rates found in Barbosa et al.[11]

We calibrate transition probabilities in the tunnel 
states H1–H5 such that the distribution of simulated 
individuals’ initiation of drinking, the age at which they 
transition out of H5, matched initiation of drinking data 
in NESARC-III data. Drinking rates by age and sex in 
2012 from NESARC-III are used as model input.

To capture an approximation of drinking before 2012, 
individuals are assigned a drinking level from the 2012 
distribution collected in NESARC-III for their age group 
once they initiate drinking and allowed to progress until 
2012. In 2012, drinking rates returned to the initial level 
and progress again according to the drinking transition 
matrix.

Natural history of ALD

The following define the liver-related health states: 
no fibrosis (F0), mild fibrosis (F1), moderate fibrosis 
(F2), and septal fibrosis (F3). Transition probabilities 
between states F1–F3 replicate fibrosis progression 
and regression in Lieber et al. and are responsive to 

F I G U R E  1   State-transition model of the natural history of ALD and drinking state. A patient is represented by the combination of 
one of the health states and one drinking state, shown here as rectangles and circles. Arrows between states represent annual transition 
probabilities, with the blue shaded states representing decompensated cirrhosis. Competing-cause mortality, the probability of dying 
from other causes both related and unrelated to alcohol use, exists in every state but is not shown in our diagram for simplicity. F0, F1, 
and F2 represent no fibrosis (F0), mild fibrosis (F1), and moderate fibrosis (F2). F3 indicates septal fibrosis, F4 represents compensated 
fibrosis, and the darker blue stages represent various complications of decompensated fibrosis. The lighter shade of blue encompasses 
all the cirrhotic disease states. “HCC” indicates a patient has HCC, and mortality from stages F4 on contribute to the reported liver-
related mortality. The health states H1–H5 are tunnel states representing healthy liver predrinking states. These states are calibrated to 
reproduce the distribution of the age at first drink for the US population, as evidenced in the NESARC-III
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changes in drinking rate.[12] Liver-related health is de-
fined by the following stages: no fibrosis (F0), mild fi-
brosis (F1), moderate fibrosis (F2), and septal fibrosis 
(F3). Transition probabilities between states F1–F3 
replicate fibrosis progression and regression in Lieber 
et al. and are responsive to changes in drinking rate.[12]

Patients can further progress to compensated cirrho-
sis (F4) and decompensated cirrhosis (ascites, variceal 
bleeding, ascites with variceal bleeding, and enceph-
alopathy) as well as HCC. From these advanced dis-
ease stages, patients can die of liver-related mortality. 
Real-world transition probabilities are used to estimate 
transition probabilities between compensated cirrhosis 
(F4), decompensated cirrhosis (ascites, variceal bleed-
ing, ascites with variceal bleeding, and encephalopa-
thy), and death consistent with the findings of Jepsen 
et al.[17] Mortality rates from advanced stages of liver 
disease are estimated from population studies that al-
lowed for transplantation; although a transplantation 
state is not explicitly delineated in our model, we ac-
count for the competing event of transplantation before 
death.[17] Health state transitions were dependent on 
progression and regression rates associated with dif-
ferent levels of drinking.[12] All transition probabilities 
are summarized in Tables S1–S3.

States C1 and C2 are calibration states used to cap-
ture unidentified interactions, including genetic, age co-
hort, sex, diet, and other factors known to influence the 
progression of liver disease but not explicitly captured 
in the model. We calibrate the model overall by con-
structing a calibration function for the C1 and C2 tran-
sition probabilities to replicate observed mortality data 
from the CDC WONDER database for 2010–2014.[14] 
Individuals born after 1980 were calibrated as a group. 
We used a sequential algorithm that adjusted male and 
female calibration values independently while seeking 
to minimize our goodness of fit measure within error 
bounds for total cirrhosis mortality in our calibration 
period.

Simulated scenarios

To project model outcomes up to 2040, we consider 
two scenarios for drinking in the US population. Each 
scenario is implemented with a 1-year duration of in-
crease, consistent with current work showing drinking 
changes first recorded from February to March 2020 
in the United States were durable through at least 
November 2020.[3] (1) “COVID-19 base consumption 
scenario” describes an increase in alcohol consump-
tion based on recorded increases in the Barbosa et al. 
study of individuals (n  =  993) in the US population 
aged 21 and older.[1,3] The study found that average 
drinks per day and excessive drinking (drinking in ex-
cess of recommended drinking limits and binge drink-
ing) increased significantly by 29% and 21% between 

February (before stay-at-home orders were issued) and 
November.[1,3] As a model input, we consider changes 
in drinking level by age and sex as recorded by the 
national survey. Individuals in the model either remain 
at their current drinking level or transition to a higher 
drinking level with rates that replicate the overall in-
crease seen in the survey. Consumption increases are 
maintained for a 1-year period. (2) The “counterfactual 
scenario” describes the absence of COVID-19–related 
effects. This scenario assumed that age-specific rates 
of alcohol consumption continue to evolve in the ab-
sence of COVID-19.

Model outcomes

We project ALD-related deaths inclusive of HCC mor-
tality, the prevalence and incidence of decompensated 
cirrhosis and HCC, and disability-adjusted life years 
(DALYs) lost to ALD from 2020 to 2040. DALYs—a 
combined measure of disability, prevalence of disease 
(in our case, decompensated cirrhosis and HCC), and 
quantity of life years lost due to disease and mortal-
ity (YLL)[18-20]—were calculated using disability weights 
from 2016 Global Burden of Disease Study values for 
decompensated cirrhosis and HCC.[21] YLLs were esti-
mated by multiplying each death by the remaining life 
expectancy at the age of death and summing across 
the years. To calculate years lived with disability (YLD), 
we multiply the number of individuals in a health state 
by the disability weights defined by the Global Burden 
of Disease Study (0 for scores of F0–F4, 0.178 for 
decompensated cirrhosis, and 0.540 for HCC).[22,23] 
DALYs are then the sum of YLLs and YLDs.

Sensitivity analysis

We conducted a probabilistic sensitivity analysis to 
determine the uncertainty in our model projections in 
each scenario given the joint uncertainty of model pa-
rameters, in particular natural history of disease, transi-
tion rates, and drinking distribution. For this purpose, 
we first defined parameter uncertainty using recom-
mended distributions for different types of parameters 
(see Table S2).[24] We then sampled parameter values 
from these distributions 1000 times and ran the model 
to determine model results. The populations used were 
1/10th the size of the US birth cohort. We generated 
the 95% uncertainty intervals (UI) of model outcomes.

We also conducted one-way sensitivity analysis on 
the drinking rate and duration of drinking increase. We 
created two hypothetical drinking trajectories, a low 
and high increase: (1) a “hypothetical low increase” in 
alcohol use corresponding to a 10% increase in overall 
drinking in the population and (2) a “hypothetical high in-
crease” in alcohol use corresponding to a 40% increase 
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in overall drinking in the population. These scenarios 
were created by increasing drinking by 10% and 40%, 
respectively in the NESARC-III data and calculating 
what probability individuals had of transitioning from 
their current drinking state to a higher drinking state.

We conducted further sensitivity analysis to under-
stand the impact of length of drinking increase: 3-year 
and 5-year sustained increase in alcohol consumption 
after 2020. We provide results for 3 and 5-year in-
creases in the Supporting Information.

RESULTS

We first validate our model-predicted annual mortality 
due to ALD from 2014 to 2018 for men and women with 

those reported by the US national death registry data 
from the CDC WONDER database (Figure 2). We also 
compare alcohol-related cirrhosis prevalence in the US 
population in our model against reported data in 2009 
and 2015 in the peer-reviewed literature (Table S5).[25]

Under the counterfactual scenario, which assumed 
no COVID-19–associated drinking changes, 948,700 
(95% UI, 909,000–988,300) US adults, aged 18+, are 
projected to die of ALD-related cirrhosis between 2020 
and 2040, 1,046,100 (95% UI, 996,500–1,095,600) are 
projected to develop decompensated cirrhosis, and 
142,800 (95% UI, 135,200–150,400) are projected to 
develop HCC during the same period (Table 1).

Under the “COVID-19 base consumption scenario,” 
956,700 (95% UI, 916,500–996,900) US adults, aged 
18+, are projected to die of ALD cirrhosis between 2020 

F I G U R E  2   Birth cohort ALD disease mortality 2012–2018 with CDC mortality validation. Mortality is as reported in the US National 
Death Registry and predicted/projected mortality in our model from the start of the calibration period through the end of the validation 
period. Shaded regions represent the UIs generated by probabilistic sensitivity analysis. (A) Adults born between 1920 and 1939; (B) adults 
born between 1940 and 1959, (C) adults born between 1960 and 1979, and (D) adults born between 1980 and 1999
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and 2040, 1,064,800 (95% UI, 1,014,100–1,115,400) 
are projected to develop decompensated cirrhosis, and 
143,800 (95% UI, 136,200–151,500) are projected to 
develop HCC (Table 1). Increase in alcohol consump-
tion due to COVID-19 in 2020 is associated with 8200 
(95% UI, 7500–8600) additional deaths, 18,100 (95% 
UI, 16,100–18,200) additional decompensation cases, 
and 1000 (95% UI, 1000–1100) additional cases of HCC 
over the next 2 decades (Figure 3). We also estimated 
a pronounced spike in decompensation cases and 
mortality in the short term during 2020–2021. Between 
2020 and 2023, alcohol consumption changes due to 
COVID-19 will lead to 100 (100–200) additional deaths 
and 2800 (2700–2900) additional decompensated cir-
rhosis cases.

Age cohort–related mortality

Alongside understanding increases in morbidity and 
mortality generally, we sought to explore the impact 
on specific age groups. For those born between 1920 
and 1939, the model projects approximately 3170 
deaths from 2020 to 2040 in the “COVID-19 consump-
tion scenario” versus 3190 deaths in the “counterfac-
tual scenario,” and our projections indicate that for the 
birth cohorts born between 1940 and 1959, we expect 
179,090 and 169,740 deaths, respectively. For those 
born between 1960 and 1979, we project 415,670 
and 413,160 deaths, and finally, for those born be-
tween 1980 and 1999, we project 237,490 and 233,190 
deaths in the “COVID-19 consumption scenario” and 
the “counterfactual scenario,” respectively. Although 
the initial mortality increases are concentrated in the 

oldest birth cohorts, over the next 20 years, the addi-
tional ALD mortality burden shifts increasingly to the 
younger birth cohorts (Table 2).

DALYs

COVID-19–related drinking increases are also asso-
ciated with substantial DALYs, a measure of both life 
years lost due to premature mortality and years of pro-
ductive life lost due to disability. From 2020 to 2023, 
drinking increases during COVID-19 are projected to 
lead to 531,200 DALYs relative to the status quo, a 
number that is projected to increase to 8,900,200 cu-
mulative DALYs from 2020 through 2040 (Table 1).

Sensitivity analysis on alcohol 
consumption

We explored the impact of duration of drinking increase 
on disease burden and mortality. For that, we simu-
lated an increase in drinking during COVID-19 lasting 
for 3 and 5 years. Although a 1-year increase in the 
base case scenario led to 8000 additional deaths, 3 
and 5-year sustained increases led to 9500 (95% UI, 
9000–10,000) and 10,800 (95% UI, 10,400–11,300), 
respectively (Figure 4).

We also include analysis on a “lower than measured” 
10% increase in overall consumption and a “higher 
than measured” 40% increase in alcohol consumption 
during the COVID pandemic. In comparison with 8000 
deaths over the next 2 decades in the base case sce-
nario, a 40% increase in consumption would lead to 

TA B L E  1   Cumulative projections for ALD disease morbidity and mortality for 3 and 20-year horizons under COVID-19 consumption 
scenario and counterfactual scenario

Scenario Results 2020–2023 2020–2040

COVID-19 consumption ALD cirrhosis mortality 112,700 (107,800–117,700) 956,700 (916,500–996,900)

Decompensated cirrhosis 
incidence

116,000 (110,400–121,600) 1,128,800 
(1,075,200–1,182,400)

HCC incidence 16,900 (15,900–18,000) 143,800 (136,200–151,500)

Counterfactual ALD cirrhosis mortality 112,600 (107,700–117,500) 948,700 (909,000–988,300)

Decompensated cirrhosis 
incidence

112,900 (107,400–118,400) 1,109,000 
(1,056,600–1,161,400)

HCC incidence 17,000 (16,000–18,000) 142,800 (135,200–150,400)

Increase in outcomes because of 
COVID-19 drinking

ALD cirrhosis mortality 100 (100–200) 8000 (7500–8600)

Decompensated cirrhosis 
incidence

3100 (3000–3300) 19,800 (18,600–21,000)

HCC incidence 00 (00–00) 1000 (1000–1100)

DALYs 531,200 (526,600–535,700) 8,902,000 
(8,878,600–8,925,300)

Note: The table presents cumulative ALD morbidity and mortality for two time periods: 2020–2023 and 2020–2040. Data are presented as a mean of model 
results and the 95% UI generated by the probabilistic sensitivity analysis. Morbidity results include the incidence of decompensated cirrhosis and HCC, 
two diseases with significant health implications. In the COVID-19 consumption scenario, some drinkers increase consumption during 2020, while in the 
counterfactual scenario, drinking progresses without any increases associated with COVID-19.
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12,000 (95% UI, 12,900–11,000) deaths versus 3100 
(95% UI, 2800–3300) deaths in the “10% increase sce-
nario” (Figure S1).

DISCUSSION

ALD accounts for a significant health burden in the 
United States.[6] Alcohol consumption has increased 
substantially during the COVID pandemic.[1,2] Our 
results show that there may be a measurable effect 
on ALD-related decompensation and mortality in 
the short term, and, without intervention, it can re-
sult in a long-term disease burden of additional 8000 

ALD-related deaths, 18,700 cases of decompensated 
cirrhosis, and 1000 cases of HCC between 2020 and 
2040. The observed increase in alcohol consumption 
has the potential to exasperate the condition of those 
already living with impaired liver function and lead to 
long-term damage in those who increase consump-
tion at an early age.

ALD is a major threat to public health

ALD already poses a significant disease burden in the 
United States. ALD now accounts for more than $5 
billion in direct health care costs, and mortality due 

F I G U R E  3   Difference in alcohol-related liver mortality and morbidity between COVID-19 consumption scenario and counterfactual for 
US adults aged 18+, 2019–2040. Annual and cumulative rates for morbidity and mortality differences between the COVID-19 consumption 
scenario and counterfactual scenario associated with ALD. In the COVID-19 consumption scenario, some drinkers increase consumption 
during 2020, while in the counterfactual scenario, drinking progresses without any increases associated with COVID-19. Shaded regions 
represent the 95% UI associated with the probabilistic sensitivity analysis
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to ALD has increased substantially by 200% in peo-
ple aged 25–34 over the last decade.[25] Even without 
COVID-­19−related increases in consumption, ALD will 
claim the lives of nearly 260,000 Americans over the 
next decade. Our models show that if the higher rates 
of risky alcohol consumption hold for 1 year, this burden 
will further rise. A key insight from these data, however, 
is that in the short term there will be a disproportion-
ate rise in the excess morbidity and mortality attributed 
to ALD. Many with ALD, even those with compensated 
cirrhosis, are clinically stable, but marginal increases in 
consumption for these vulnerable patients are uniquely 
toxic.[7,26] The result, we find, is a spike in the short-
term incidence of decompensated cirrhosis that will 
stress a health care system that is still overwhelmed by 
the impact of the pandemic.[9]

The burden of ALD requires a public 
health approach

Our data show that COVID-associated increases in 
alcohol consumption increase short and long-term 
morbidity and mortality due to ALD. However, even 
in the counterfactual estimates, we expect a steady 
expansion of the public health impact of ALD. Our 
data show also that young persons will be dispropor-
tionately impacted. There is, accordingly, substantial 
value in interventions to reduce the burden of ALD. 
All ALD-focused interventions aim to reducing alco-
hol consumption. At the individual level, one can use 

behavioral and pharmacological interventions, each 
proven to reduce the harms of alcohol use disorder.[27] 
However, the impact of these interventions remains 
limited owing to modest efficacy and inadequate link-
age to care.[28,29] Our data underscore a population-
level problem for which a population-level intervention 
may be indicated. Policies that reduce access to alco-
hol especially during the COVID-19 pandemic or influ-
ence demand through minimum unit pricing may be 
the most effective tools.[30-33] In Scotland, a minimal 
unit price of 50 pence has resulted in a substantial de-
crease in alcohol consumption, primarily by the high-
est consumers.[34]

Contextual factors

Our results must be interpreted in the context of the 
study design. First, there is a lack of comprehensive 
information on the increase and distribution of in-
crease of drinking in the US population. Accordingly, 
we use data from a representative sample of the US 
population taken in 2020 as a representation of the 
impact of drinking increases. To mitigate this limita-
tion, we model the uncertainty in our estimates with 
extensive sensitivity analysis. Second, there are 
other (unaccounted) factors that could impact the 
risk of ALD-related decompensation. The significant 
turmoil of this moment in the United States caused 
by COVID-19 and the associated economic and po-
litical stressors may have had a disproportionate 

TA B L E  2   Cumulative projections for ALD disease mortality by birth cohort for 3 and 20-year horizons under COVID-19 consumption 
scenario and counterfactual scenario

Birth Cohort Scenario 2020–2023 2020–2040

1920–1939 COVID-19 consumption scenario 1860 (1720–2000) 3170 (2860–3470)

Counterfactual 1860 (1720–2010) 3190 (2880–3490)

Difference 00 (00–10) -20 (-20–20)

1940–1959 COVID-19 consumption scenario 42,430 (40,810–44,050) 170,090 
(163,530–176,640)

Counterfactual 42,340 (40,730–43,960) 169,740 
(163,160–176,320)

Difference 90 (80–90) 350 (370–320)

1960–1979 COVID-19 consumption scenario 45,560 (43,740–47,380) 415,670 
(399,700–431,640)

Counterfactual 45,520 (43,710–47,330) 413,160 
(397,560–428,760)

Difference 40 (30–50) 2510 (2140–2880)

1980–1999 COVID-19 consumption scenario 7910 (7490–8330) 237,490 
(227,400–247,580)

Counterfactual 7870 (7450–8290) 233,190 
(223,240–243,150)

Difference 40 (40–40) 4300 (4160–4430)

Note: The table presents cumulative ALD mortality for two time periods: 2020–2023 and 2020–2040. Data are presented by 20-year birth cohort as a mean 
of model results and the 95% UI generated by the probabilistic sensitivity analysis. In the base COVID-19 consumption scenario, some drinkers increase 
consumption during 2020, while in the counterfactual scenario, drinking progresses without any increases associated with COVID-19.
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impact on individuals at increased risk of adverse 
health outcomes.[35] Individuals often increase alco-
hol intake to cope with emotional stress and chronic 
uncertainty; these coping mechanism have unclear 
long-term consistency.[36] To address this concern, 
our increased consumption scenario only increases 
drinking for 1 year whereupon drinking transitions re-
turn to the pre-2020 rates. Third, this modeling study 
does not account for the impact of COVID-19 infec-
tion on those with preexisting cirrhosis or those at risk 
for future decompensation. Fourth, we do not model 
the impact of adverse trends on alcohol consumption 

on specific population subgroups. Given recent com-
plementary results by Barbosa et al.,[3] a particular 
focus on at-risk groups including women, Black peo-
ple, and households with children, should be taken 
as increased morbidity, and mortality beyond the 
status quo should be expected to be concentrated in 
populations with the greatest increase in consump-
tion and fibrosis susceptibility. Although the study 
does not specifically address the impacts in at-risk 
communities, the general dynamics of consumption, 
liver damage, and morbidity and mortality described 
here should remain similar.

F I G U R E  4   Sensitivity analysis projecting difference in alcohol-related liver mortality and morbidity between a counterfactual scenario 
and COVID-19 consumption scenario under varying duration of alcohol consumption in adults aged 18+. Annual and cumulative mortality 
differences between the counterfacture scenario and COVID-19 scenario with sustained increase in alcohol consumption for 1, 3, and 5 
years. In the base COVID-19 consumption scenario some drinkers increase consumption during the 2020 based on a survey of changes 
in the US population. Consumption is increased for 1, 3, or 5 years and compared with a counterfactual drinking scenario that progresses 
without any increases associated with COVID-19. Shaded regions represent the 95% UI associated with the probabilistic sensitivity 
analysis
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Our study raises the important specter of the near and 
long-term impact of ALD. Even a short-term increase 
in alcohol consumption during the pandemic can sub-
stantially increase morbidity and mortality associated 
with ALD in the long term due to behavioral changes. 
Our findings highlight the need for individuals and 
policy makers to make informed decisions to mitigate 
the impact of high-risk alcohol drinking while staying 
at home during the COVID-19 pandemic in the United 
States. Short-term increases in consumption are as-
sociated with both an immediate bump in mortality 
and morbidity as well as long term increases many 
years later.
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